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ABSTRACT
PSYCHOSOCIAL AND ENVIRONMENTAL DETERMINANTS OF PHYSICAL
ACTIVITY IN ELEMENTARY SCHOOL CHILDREN: IMPLICATIONS FOR
INTERVENTIONS TO REDUCE CHILDHOOD OBESITY
Jiying Ling
November 25, 2013
Introduction: Childhood obesity has become a national public health crisis in
America. Physical activity has been shown to be one key for controlling childhood
obesity, but little is known about the mediators and moderators in physical activity
promotion models. In particular, the immediate time afterschool provides an important
opportunity for children to be active, only 20% of their afterschool time is used for
physical activity.
Purpose: The purposes of this study were to explore the psychosocial and
environmental determinants of physical activity, and to examine the influence of wearing
pedometers on the hypothesized determinants (physical activity self-efficacy, physical
activity enjoyment, perceived parental influence, and perceived environment) of physical
activity, among elementary school children attending afterschool programs,
Methods: A cross-sectional correlational design was used to explore the
determinants of physical activity in 133 children enrolled in afterschool programs. In
addition, a pretest-posttest study was conducted to examine the influence of wearing
pedometers on the hypothesized determinants of physical activity among a subsample of
vi

50 randomly selected children. Children’s physical activity levels were assessed by a
seven-day recall scale, and seven consecutive days’ pedometer steps.
Results: Approximately 49% of the children were overweight or obese, but only
13% of the children met national physical activity recommendations. Overweight or
obese children took fewer pedometer steps than non-overweight children, and pedometer
steps were negatively related to children’s BMI. Wearing pedometers did not have a
significant influence on the hypothesized determinants of physical activity. No evidence
of the reactivity of wearing pedometers was found. Perceived parental influence partially
mediated the relationships of physical activity self-efficacy and physical activity
enjoyment with physical activity. For self-reported physical activity levels, physical
activity enjoyment had the strongest effect on physical activity followed by physical
activity self-efficacy. Perceived parental influence had the strongest effect on physical
activity measured by pedometers.
Conclusions: Pedometers are a reliable measurement instrument to assess
elementary school children’s physical activity. Perceived parental influence has the
primary effect on children’s self-reported physical activity levels and number of
pedometer steps. Future physical activity interventions should target parental influence to
improve children’s physical activity levels and control childhood obesity.
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CHAPTER I
INTRODUCTION
Childhood obesity is a growing global health problem of epidemic proportions.
Between the 1980s and 1990s, the prevalence of overweight and obesity among children
increased by a magnitude of two to five times in developed countries, and up to four
times in developing countries (Lobstein, Baur, Uauy, & Iaso International Obesity
TaskForce, 2004). Since 1970, the greatest annual increases in obesity among schoolaged children occurred in the United States (U.S.) and Western Europe (Wang &
Lobstein, 2006). Childhood obesity is a national public health crisis in the U.S., with
significant sex, age, and ethnic disparities. Results from the National Health and
Nutrition Examination Survey (NHANES) indicate that between 1963 and 2008,
childhood obesity rates have tripled, with obesity rates being disproportionately higher
among children aged 6 to 11 years old (Ogden, 2010). Today, nearly one in three children
in the U.S. is overweight or obese (The White House: Office of the First Lady, 2010).
Current evidence suggests that the prevalence of childhood obesity is likely to remain on
the rise, and it was estimated that by the year 2030, more than 60% of American children
and nearly 90% of American adults would be overweight or obese (Wang, Beydoun,
Liang, Caballero, & Kumanyika, 2008).
Childhood obesity not only can directly influence children’s physical and
psychological health (short-term effects), but also can influence subsequent adult health
(long-term effects) (Engeland, Bjorge, Sogaard, & Tverdal, 2003; Lobstein et al., 2004;
1

Reilly et al., 2003). Short-term effects of childhood obesity can be categorized into
psychological consequences and physical consequences. Evidence has concluded that
obese children are more likely to experience psychological problems, such as social
isolation, social stigma, ridicule, and discrimination, than non-obese children (Reilly et
al., 2003). Moreover, obese children tend to have lower self-esteem, and higher rates of
sadness, loneliness and nervousness than non-obese children (Strauss, 2000; Wang &
Veugelers, 2008). As a result, obese children are more likely to engage in high-risk
behaviors such as smoking or consuming alcohol. For physical consequences, results
from previous studies have consistently supported that childhood obesity is significantly
correlated with a range of adverse metabolic and cardiovascular traits  hypertension,
dyslipidemia, abnormalities in left ventricular mass and/or function, abnormalities in
endothelial function, and hyperinsulinemia/insulin resistance (Reilly, 2005; Saha, Sarkar,
& Chatterjee, 2011). Expert committee reports and reviews have recommended that
childhood obesity should be considered as an important component of cardiovascular risk
(Williams et al., 2002). Therefore, these psychological and physical consequences result
in decreased health-related quality of life among overweight or obese children
(Olshansky et al., 2005).
Childhood obesity not only has short-term effects, but will also have long-term
effects as the current generation of obese children becomes adults. It has been estimated
that two in three children born after 2000 will suffer from obesity-related health problems
like cardiovascular disease, diabetes, hypertension, cancer, gall bladder disease,
osteoarthritis, endocrine disorders and asthma at some point in their lives (Lobstein et al.,
2004). Evidence indicates that more than 70% of obese children will become obese adults
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(Reilly et al., 2003). Because of the persistence of obesity, current cohort of American
children are projected to have a shorter life expectancy than their parents, and the trend of
rising life expectancy in the past two centuries will end soon (Olshansky et al., 2005).
The economic costs of childhood obesity are especially evident in health care
expenditures (Wang & Dietz, 2002; Wang et al., 2008). Obesity-associated annual
hospital costs increased from $35 million during 1979-1981 to $127 million during 19971999 (Wang & Dietz, 2002). In 2011, health care costs of obesity-related diseases were
estimated at about $147 billion per year, and by 2030, health care costs attributed to
overweight and obesity will account for $900 billion per year, that is, one in every six
dollars spent on health care (Wang et al., 2008). Thus, studies related to childhood
obesity prevention and interventions are urgently needed.
Considering the increasing childhood obesity epidemic, many efforts have been
made to explore the determinants (influencing factors) of childhood obesity in order to
control obesity effectively in children. Unhealthy behaviors (physical inactivity and
unhealthy eating) are the two main determinants of the childhood obesity epidemic in the
U.S. (Slyper, 2004). Some researchers suggest that physical activity should be the key in
controlling childhood obesity (Nowicka & Flodmark, 2007), but one recent study found
that only about 1% of children in rural Kentucky met physical activity recommendations
(13,000 steps/per day for boys and 11,000 steps/per day for girls) (Ling, King, Speck,
Kim, & Wu, 2013, in press). Therefore, this study focused on the determinants of
physical activity to further provide implications for potential interventions to reduce
childhood obesity.
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Lack of physical activity has been reported to be a significant contributor to
childhood obesity, and physical activity is a promising factor in controlling childhood
obesity (Hills, Andersen, & Byrne, 2011; Janssen et al., 2005). Consistent evidence
indicates that overweight or obese children participate in lower levels of physical activity,
and higher levels of sedentary activity (screen-viewing time such as watching TV or
playing video games) compared to normal weight children (Hills et al., 2011; Nowicka &
Flodmark, 2007). Children with higher levels of physical activity have reduced skinfold
thickness (Davis et al., 2007). Greater physical activity participation in elementary school
age children is significantly correlated with lower odds of overweight or obesity (Janssen
et al., 2005), while sedentary lifestyle is a significant determinant of elevated Body Mass
Index (BMI) (Bukara-Radujkovic & Zdravkovic, 2009). Therefore, increasing physical
activity participation should be one focus of strategies to control obesity in children.
Physical activity influences body weight in two ways. Increased physical activity
directly influences weight by causing the body to mobilize and burn body fat to meet
increased metabolic needs. Second, physical activity changes body composition by
increasing lean body mass, which can increase the capacity of mobilizing muscles to burn
body fat (Nowicka & Flodmark, 2007). Weight is gained when energy intake exceeds
energy expenditure. In order to maintain a stable weight, a delicate balance between
energy intake and energy expenditure is required. Generally, energy expenditure
comprises three components: resting energy expenditure (60-75%), the thermic effects of
food (the energy expended in consuming and processing food, 10%), and the thermic
effects of physical activity (15-30%). In addition to these three components of energy
expenditure, children need additional energy for growth. The required energy need for
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growth is about 1-2% of total energy expenditure in childhood (Steinbeck, 2001). The
resting energy expenditure is the minimum energy needed to sustain life, and it remains
relatively constant within individuals over time (Goran & Treuth, 2001). The thermic
effects of food are primarily influenced by the composition of food, and are relatively
stable within individuals over time (Steinbeck, 2001). The thermic effects of physical
activity are the most variable component of energy expenditure and vary within and
between individuals due to the variable nature of physical activity (Goran & Treuth,
2001). Thus, physical activity is the discretionary component of energy expenditure.
Though physical activity is a promising factor in controlling childhood obesity,
only 48% boys and 35% girls meet the daily physical activity recommendation of at least
60 minutes of moderate- to vigorous-intensity physical activity daily in the U.S. (Troiano
et al., 2008). Physical education offers a great opportunity to provide all children physical
activity, and teach them the knowledge and skills needed to establish active lifestyles.
However, only three states meet the national recommendation for physical education in
schools 150 minutes of instructional physical education per week for elementary school
children and 225 minutes for middle and high school students (National Association for
Sport and Physical Education [NASPE], 2010), and no more than 4% of elementary
schools actually provide daily physical education to students (Lee, Burgeson, Fulton, &
Spain, 2007).
In summary, childhood obesity has become a national public health crisis in the
U.S. Overweight or obese children engage in lower levels of physical activity compared
to non-overweight children, and lack of physical activity is a significant contributor to
childhood obesity. Though physical activity is a promising factor in controlling childhood
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obesity, the majority of American children do not meet daily physical activity
recommendations and children spend more time watching TV than participating in
physical activity.
Statement of the Problem
Considering the strong negative relationship between physical activity and
childhood obesity, many physical activity interventions have been designed and
conducted to increase children’s physical activity levels and to control childhood obesity.
However, the majority of physical activity interventions remain largely ineffective in
reducing obesity indices among children such as BMI and body fat mass. Specifically,
physical activity interventions, with durations ranging from 6 months to 3 years, have
shown no significant effect on decreasing BMI, percent body fat, total body fat mass,
waist circumference, waist-to-hip ratio, skin-fold thickness, pulse rate, systolic or
diastolic blood pressure (Dobbins, De Corby, Robeson, Husson, & Tirilis, 2009; Harris,
Kuramoto, Schulzer, & Retallack, 2009).
Ineffectiveness of physical activity interventions may be attributed to an
insufficient dose of physical activity such as short duration of interventions, insufficient
quantity of physical activity, or low adherence to intervention protocols (Dobbins et al.,
2009; Harris et al., 2009). Beyond the dose of physical activity, the effectiveness of
physical activity interventions may depend on the measurement of physical activity,
study design, intervention methods, and evaluation methods (Steinbeck, 2001).
The role of theory in planning interventions is to increase understanding of a
phenomenon and to guide decisions such as dose of interventions and protocols for
testing effectiveness of interventions. Evidence shows that understanding the
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determinants of physical activity in children is essential for building a framework to
guide future physical activity intervention designs (Steinbeck, 2001). To design
effectively tailored physical activity interventions to promote physically active lifestyles
and control childhood obesity, a theoretical framework that considers determinants of
physical activity in children is necessary. However, many widely used theories of
physical activity have limitations when applied to physical activity interventions among
children.
Theories used to guide physical activity interventions are subject to various
limitations. Models of individual health behavior, such as Theory of Planned Behavior
(TPB) and Self-Determination Theory (SDT), cannot inform the development of physical
activity interventions that target changes beyond the individual level. Social Cognitive
Theory (SCT), a model of interpersonal health behavior, recognizes the influence of the
environment on behavior, but only focuses on peoples’ potential abilities to change and
construct environment to meet their needs (Glanz, Rimer, & Viswanath, 2008).
Children’s behaviors are more passively affected by the environment, because they have
little power to control their lives and change their environments. Though community and
group models of health behavior change, such as social ecological models, recognize
multiple influences on healthy behaviors, such as environment and support, these models
do not provide testable hypotheses and specific guidelines about which variables are most
important for physical activity among children (Elder et al., 2007).
For a model to effectively guide research on behavior change, the model must be
tailored to specific populations and behaviors (Sallis et al., 2006). However, few theories
and models currently used to guide research on physical activity were developed
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specifically for children (Welk, 1999). Most studies in children have applied models that
were developed for adults, with the assumption that the models would be effective for
children (Welk, 1999). It is the premise of this study that it is premature to assume that
behaviors of children, adolescents and adults are influenced in the same way.
Need for the Study
The Youth Physical Activity Promotion (YPAP) model, based on the PrecedeProceed Health Promotion Planning Model (Green & Kreuter, 2005) as an organizational
framework for health promotion, was developed specifically for promoting physical
activity among children and adolescents by considering their developmental,
psychological, and behavioral characteristics (Welk, 1999). According to the YPAP
model, there are three primary determinants of physical activity (predisposing factors,
reinforcing factors, and enabling factors) among children and adolescents. Like the SCT
and social ecological models for health behaviors, the YPAP encompasses both
individual-level and environmental-level factors. In other words, this model merges SCT
with social ecological models composed of similar or shared elements, which should
further enhance the predictive ability of the YPAP model (Lox, Martin-Ginis, &
Petruzzello, 2006). Additionally, it yields testable hypotheses, so the model is testable
and practicable. In all, the population- and behavior-specific YPAP model should be
expected to have greater power to predict physical activity in children.
However, while evidence supports the relationships among predisposing factors,
reinforcing factors, enabling factors and physical activity as proposed in the YPAP model
among adolescents, only one study has been found that applies this model to children
(Rowe, Raedeke, Wiersma, & Mahar, 2007). According to Piaget (1952), children do not

8

develop adult-like capacity for abstract thought and reason until age 11-14, which implies
that children’s behaviors might be motivated and influenced in different ways than
adolescents. The only study using this model as a theoretical framework among children
focused on the influence of predisposing factors and reinforcing factors on physical
activity, but did not examine enabling factors such as environment (Welk, Wood, &
Morss, 2003). Thus, it is very important to explore the YPAP model in children to
understand the determinants of physical activity – predisposing factors, reinforcing
factors, and enabling factors – to provide valuable information for future effective
physical activity interventions among children to promote physical activity and control
childhood obesity.
Purpose of the Study
The purpose of this study was to explore psychosocial and environmental
determinants of physical activity among children aged 8 to 11 years old by examining
relationships among predisposing factors (physical activity self-efficacy and physical
activity enjoyment), reinforcing factors (parental influence), enabling factors
(environment) and physical activity levels. Children aged 8 to 11 years old were chosen
for this study because: (a) obesity rates are higher among children aged 6 to 11 years old
than other groups of children (Ogden, 2010); (b) physical activity levels in American
children drop sharply between age 9 and age 15 (Bock & Miller, 2008); and (c) 8 year old,
children can read with considerable ease and can use complex and compound sentences
(Rodgers, 2007).
Variables selected as predisposing factors, reinforcing factors, and enabling
factors were chosen based on empirical support identified in the literature. Physical
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activity self-efficacy has been shown to be the most significant correlate and predictor of
physical activity among children (Rimal, 2001; Strauss, Loree, Burak, Rozdilsky, &
Colin, 2000), and physical activity enjoyment is the primary outcome expectancy and
intrinsic motivation for children to be active (Kendzierski & Decarlo, 1991; Motl et al.,
2001). Thus, physical activity self-efficacy and physical activity enjoyment were used to
address the predisposing factors of physical activity.
For younger children whose behaviors are under less volitional control, parents
are the primary providers of supportive opportunities for children to be active (Beets,
Cardinal, & Alderman, 2010). Specifically, parents serve a “gate keeper” role to physical
activity through controlling access to physical activity programs, facilities, and outdoor
environment (Beets, Cardinal, et al., 2010; Boufous, Finch, & Bauman, 2004; Welk et al.,
2003). Thus, parental influence, such as encouragement and role modeling, was used to
address the reinforcing factors of physical activity. Finally, children’s physical activity
levels are positively correlated with environmental recreational infrastructure, transport
infrastructure and safety (Davison & Lawson, 2006). Environment facilitates
opportunities for children to have safe accessible equipment or supplies (toys, balls, and
roller skates) to be active (Committee on Environmental Health, 2009; Molnar,
Gortmaker, Bull, & Buka, 2004). So, environment was used to address the enabling
factors of physical activity.
Personal demographics ‒ child’s age, sex, ethnicity, race, number of siblings or
children in household, socioeconomic status, parents’ education levels, marital status, and
employment status ‒ were collected. This information was collected because children’s
physical activity levels are significantly correlated with children’s age, sex, ethnicity,

10

race, sibling’s presence, family socio-economic status, parents’ marital status,
employment status and education levels (Duke & Huhman, 2003; Hesketh, Crawford, &
Salmon, 2006; McVeigh, Norris, & de Wet, 2004; Troiano et al., 2008). Thus, these
personal demographics were examined to see how these factors influenced other
variables, which might provide valuable information for designing tailored physical
activity interventions for children with different demographic characteristics. Moreover,
children’s transportation patterns from home to school were assessed because getting to
or from school is the most universal opportunity for incidental physical activity among
children (Committee on Environmental Health, 2009). Finally, children’s sedentary
behavior (screen-viewing time) was assessed to examine its relationship with childhood
obesity status.
Research Questions
1. What is the influence of wearing pedometers on the determinants (physical
activity self-efficacy, physical activity enjoyment, parental influence, and
environment) of children’s physical activity?
2. What are the interrelationships among physical activity self-efficacy, physical
activity enjoyment, parental influence, environment, and physical activity among
children aged 8 to 11 years old?
3. What are the significant psychosocial and environmental determinants of selfreported physical activity levels among children aged 8 to 11 years old?
4. What are the significant psychosocial and environmental determinants of
objective physical activity levels assessed by average pedometer steps among
children aged 8 to 11 years old?

11

Significance of the Study
This study points out the need of screening children for obesity annually by
school nurses and other primary health care professionals, but also highlights the
importance of school nurses or other primary health care professionals to design and
conduct tailored effective physical activity education and promotion programs for
children in school, family and community settings. It also emphasizes the importance of
conducting physical activity programs to prevent or control obesity in childhood based on
a theoretical framework that was developed for children and with the collaboration of
parents. School nurses play a vital role in promoting a healthy school environment.
However, evidence indicates that they lack knowledge related to physical activity and
obesity (Story et al., 2002). Thus, this study may provide them necessary knowledge
related to the determinants of physical activity and their influencing mechanisms on
physical activity.
In this study, physical activity levels were assessed by a self-report scale and
pedometers. A pretest-posttest study was also conducted to examine the influence of
wearing pedometers on the determinants of physical activity. Therefore, findings from
this study will provide valuable information related to the compliance rate, pedometer
returning rate, reliability, and reactivity of wearing pedometers in elementary school
children. The strategies used in this study to improve the participation rate and
compliance rate of wearing pedometers may be helpful for future physical activity studies
in children attending afterschool programs.
If this study finds support for the selected factors drawn from the YPAP model,
then tailored physical activity interventions for children attending afterschool programs
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with different personal demographics should target physical activity self-efficacy,
physical activity enjoyment, parental influence and environment when designing
interventions. The statistical method Structural Equation Modeling used in this study will
provide information related to mediators between the determinants of physical activity
and physical activity. The mediators are essential for designing effective physical activity
interventions in elementary school children.
The most frequent barriers for health care professionals to manage childhood
obesity are lack of parent involvement, lack of child motivation, and lack of support
service (Story et al., 2002). Results from this study will provide health care professionals
information related to parental support and other determinants of physical activity.
Additionally, the variables proposed in this study can be used by health care professionals
to identify the barriers of physical activity for children. Results from this study may also
provide evidence for health care professionals and policy makers to advocate new
policies to promote physically active lifestyles and prevent/control childhood obesity.
Moreover, this study calls attention to new theory testing and modification among
children.
Definition of Terms
The following conceptual definitions were used in this study.
Child and Adolescent: In this study, a child is defined as a person aged 4 to 11
years old, and an adolescent is defined as a person aged 12 to 19 years old (Centers for
Disease Control and Prevention [CDC], 2011b). For the purpose of this study, children
aged 8 to 11 years old will be recruited.
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Body Mass Index (BMI): Child’s BMI is an index calculated from weight and
height using the formula ‘BMI = (Weight in Kilograms / (Height in Meters)2’. For
children, BMI is age- and sex-specific, and is often referred as BMI-for-age. BMI cannot
directly measure body fat, but it has been shown to be a reliable indicator of body fatness
for most children. After obtaining BMI, the number is plotted on a CDC-developed BMIfor-Age chart to obtain a percentile ranking. The BMI percentile is an indicator used to
assess the size and growth patterns of individual child in the U.S. (CDC, 2011a). The
BMI z-score or standard deviation (SD) score is the number of SD units above or below
the mean or median (de Onis et al., 2007).
Overweight: Childhood overweight is defined as a BMI at, or above, the 85th
percentile and lower than the 95th percentile for children of the same age and sex (CDC,
2011e).
Obesity: Childhood obesity is defined as a BMI at or above the 95th percentile for
children of the same age and sex (CDC, 2011e).
Physical Education: Physical education is a planned and sequential curriculum
program that follows national standards to provide children developmentally appropriate,
cognitive content and learning experiences in a variety of physical activity areas (NASPE,
2013). A high quality physical education program should include three components:
opportunity to learn, meaningful content and appropriate instruction (NASPE, 2013).
Physical Activity
Physical Activity: Physical activity refers to “any bodily movement produced by
skeletal muscles that results in energy expenditure” (Caspersen, Powell, & Christenson,
1985, p. 126).
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Exercise: Exercise is physical activity that is planned, structured, repetitive and
purposive to improve or maintain some component of physical fitness (Caspersen et al.,
1985). Exercise is one subset of physical activity, that is, physical activity includes
exercise.
Physical Fitness: Physical fitness is a set of attributes that people have or achieve
that relate to the ability to perform movement. Physical fitness has five components:
cardiorespiratory fitness, body composition, muscular strength, muscular endurance and
flexibility (Caspersen et al., 1985).
Physical Activity Patterns: Patterns of physical activity can be described by type,
frequency, duration and intensity.
Type: Physical activity is usually categorized based on the context in
which it occurs. Generally, there are four types of physical activity  recreational
activity, household activity, occupational activity and transportation activity
(Welk, 2002).
Frequency: Frequency refers to the number of activity sessions during a
specific time period such as per day, week or month (Vanhees et al., 2005). To
assess the frequency of physical activity in children, the number of bouts per day
or week, or the percentage of time spent being active on a given day, is often
reported. For children, the better criterion for defining frequency may be the
number of reporting 2-3 bouts of short and intermittent activity (total 30-60
minutes) per day (Welk, Corbin, & Dale, 2000).
Duration: Duration is described as the amount of time spent participating
in a single bout of physical activity (Vanhees et al., 2005). The duration of
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physical activity is usually reported in minutes of physical activity (Welk et al.,
2000).
Intensity: Intensity is defined as individuals’ physiological effort when
participating in one type of physical activity (Vanhees et al., 2005). The
Metabolic Equivalent (MET) is usually used to assess the intensity of physical
activity. One MET represents resting energy expenditure of approximate 3.5
ml/kg/min in terms of oxygen consumption. Based on the value of METs in adults,
physical activity can be divided into three categories: light-intensity physical
activity (1.5-2.9 METs), moderate-intensity physical activity (3.0-6.0 METs), and
vigorous-intensity physical activity (> 6.0 METs) (Cliff & Janssen, 2011).
However, the MET values for intensity of physical activity are not well
established for children, thus using METs values for adults to assess the intensity
of physical activity in children may not be highly accurate (Welk et al., 2000).
The U.S. Department of Health and Human Services, the CDC, and the World
Health Organization (WHO) use the definition of relative intensity, that is, the
child’s heart beats faster and he/she breathes harder than normal when performing
moderate- or vigorous-intensity physical activity (U.S. Department of Health &
Human Services [USDHHS], 2008).
Physical Activity Determinants Based on the YPAP Model
Predisposing Factors: Predisposing factors include “knowledge, attitudes, beliefs,
values and perceptions that facilitate or hinder motivation for change” (Green & Kreuter,
2005, p. 14), such as early childhood experiences, attitudes, beliefs, values and
perceptions.

16

Physical Activity Self-efficacy: Physical activity self-efficacy is defined as
individuals’ beliefs regarding their own capabilities to participate in physical
activity (Bandura, 1997).
Physical Activity Enjoyment: Physical activity enjoyment is defined as “a
positive affective state that reflects feelings such as pleasure, liking and fun”
when participating in physical activity for children (Motl et al., 2001, p. 110).
Reinforcing Factors: Reinforcing factors are the “rewards received and the
feedback the learner receives from others following adoption of a behavior, which may
encourage or discourage continuation of the behavior” (Green & Kreuter, 2005, p. 15).
Parental Influence: Parental influence is the perceived impact of parental
encouragement, involvement, facilitation and role modeling on children’s
physical activity participation (Welk et al., 2003). Parental encouragement refers
to a parent’s verbal or nonverbal encouragement or praise for a child to be active.
Parental involvement refers to direct participation of a parent in a child’s physical
activity. Parental facilitation refers to the assistance parents provide to make it
easier for child to be physically active, while parental role modeling refers to
parental efforts to model a physically active lifestyle for child. Moreover, parental
encouragement, involvement, and facilitation comprise parental support (Welk et
al., 2003).
Enabling Factors: Enabling factors are “those skills, resources or barriers that can
help or hinder a desired behavioral change as well as environmental change” (Green &
Kreuter, 2005, p. 15), such as facilities and personal or community resources, income or
health insurance, laws and statutes, and skills required for a desired behavior.
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Environment: Environment includes two components: equipment
accessibility and neighborhood safety (Motl et al., 2005).
Summary
With the rapidly increasing prevalence of childhood obesity and low physical
activity levels among American children, effective physical activity interventions are
urgently needed to increase children’s physical activity levels and help to control
childhood obesity. In order to design effective tailored physical activity interventions,
researchers must thoroughly understand the determinants of physical activity in children.
To understand the determinants of physical activity in children, population- and behaviorspecific theoretical models that adequately explain the variance of physical activity are
necessary. The YPAP model is developed specifically for promoting physical activity
among children and adolescents by considering their developmental, psychological, and
behavioral characteristics, but this model has not been fully examined in children. Thus,
the purpose of this study was to explore the psychosocial and environmental determinants
of physical activity among children aged 8 to 11years old through examining the
relationships among physical activity self-efficacy, physical activity enjoyment, parental
influence, environment, and physical activity, guided by the population- and behaviorspecific YPAP model. In addition, a pretest-posttest study was conducted to examine the
influence of wearing pedometers on the hypothesized determinants of physical activity.
Findings from this study may provide valuable information for developing healthy
behavior promotion models for children, using pedometers to assess children’s physical
activity levels, and designing effective physical activity interventions to control
childhood obesity.
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CHAPTER II
BACKGROUND AND SIGNIFICANCE
This study aimed to explore the psychosocial and environmental determinants of
physical activity among children aged 8 to 11 years old. Findings from this study will
provide valuable information for effective physical activity interventions designed to
control childhood obesity. First, this chapter presents a review of literature related to: (a)
elements and patterns of physical activity; (b) physical activity measurements; (c)
physical activity in children; (d) correlation between physical activity and childhood
obesity; (e) physical activity interventions in children; and (f) determinants of physical
activity in children. Then, the conceptual framework is discussed, including the rational
for selecting the YPAP model, based on the Precede-Proceed Health Promotion Planning
Model, and existing empirical uses of YPAP model.
Part 1: Literature Review
Elements and Patterns of Physical Activity
Elements of physical activity. Physical activity is bodily movement of skeletal
muscles that expends energy (Caspersen et al., 1985, p. 126). Generally, physical activity
has four elements: (1) bodily movement produced by skeletal muscles, (2) energy
expenditure resulting from movement, (3) continuous variations in energy expenditure
from low to high, and (4) positive correlation with physical fitness (Caspersen et al.,
1985). Based on the above definition, physical activity has two major dimensions  a
movement dimension and an energy expenditure dimension. Recently, researchers
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proposed that since physical activity was voluntary, then consideration of physical
activity should also involve a behavioral dimension (Freedson & Miller, 2000).
Accordingly, the theoretical domain of physical activity should include behavioral,
movement, and energy expenditure dimensions.
To understand physical activity, the differences among physical activity, exercise,
and physical fitness need to be explained. Exercise and physical activity have been used
interchangeably in the past, but in fact, exercise is a subset of physical activity, that is,
exercise is one kind of physical activity (Caspersen et al., 1985). While physical activity
is any kind of skeletal muscle movement that burns energy, exercise refers to physical
activity that is planned, structured, repetitive, and purposive to improve or maintain some
components of physical fitness. In contrast to physical activity and exercise, which refer
to the movements people perform, physical fitness is “a set of attributes that people have
or achieve” that relate to the physical ability to perform movement (Caspersen et al.,
1985, p. 128). Five physical fitness components have been proposed: cardiorespiratory
endurance, body composition, muscular strength, muscular endurance, and flexibility.
Cardiorespiratory endurance is the ability of circulatory and respiratory systems to supply
fuel and oxygen to working muscles during sustained physical activity, and eliminate byproducts of muscle fatigue. Based on the two-compartment model, body composition
includes fat and lean mass (Phillips & Shulman, 2012). Muscle strength is defined as the
greatest amount of external force a muscle or muscle group can exert (Caspersen et al.,
1985). Muscle endurance refers to the ability of a muscle or muscle group to exert an
external force for many repetitions or for an extended period of time. Muscle flexibility is
the ability of a joint or joint group to move an entire and normal range of motion.
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Exercise is intended to improve physical fitness rather than to achieve an established
level of physical fitness (Caspersen et al., 1985).
Patterns of physical activity. Patterns of physical activity can be described by
type, frequency, duration, and intensity. Type of physical activity is usually categorized
based on four typical contexts in which physical activity occurs: recreational activity,
household activity, occupational activity, and transportation activity (Welk, 2002).
Recreational activity refers to activity individuals participate in during free-time, based
on personal interests and needs such as walking, hiking, and cycling (Howley, 2001).
Household activity is a series of activities that individuals engage in through housework
such as laundry, and scrubbing floors (Ridley, Ainsworth, & Olds, 2008; Wattanasit,
2009). Occupational activity refers to activity related to the performance of a job and
usually happens within the period of an eight-hour workday (Howley, 2001).
Transportation activity refers to any activity related to active transportation to or from
places such as climbing stairs, bicycling to school, and walking to the grocery store
(Wattanasit, 2009).
Frequency refers to the number of activity sessions in a specific period of time
such as per day, week or month (Vanhees et al., 2005). To assess the frequency of
physical activity in children, the number of bouts per day or week or the percentage of
time spent being active on a given day is reported. For children, the better criterion for
defining frequency may be the percentage of children reporting 2-3 bouts of short and
intermittent activity totaling 30-60 minutes on at least 5 days a week (Welk et al., 2000).
Duration is described as the amount of time spent participating in a single bout of
physical activity (Vanhees et al., 2005). The duration of physical activity is usually
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reported in minutes of time being physically active (Welk et al., 2000). Intensity is
defined as the individuals’ physiological effort when participating in physical activity
(Vanhees et al., 2005). The Metabolic Equivalent (MET) is usually used to assess the
intensity of physical activity. One MET represents resting energy expenditure of
approximate 3.5 ml/kg/min in terms of oxygen consumption. Therefore, physical activity
can be quantified in terms of METs, i.e., multiples of resting energy expenditures.
However, only 35% of MET values for intensity of physical activity among children were
established based on data measured in children, thus using the current METs values to
assess the intensity of physical activity in children may not be highly accurate (Ridley et
al., 2008; Welk et al., 2000). Therefore, this study did not assess the intensity of physical
activity among children.
In summary, physical activity is any bodily movement produced by skeletal
muscles that can result in energy expenditure. Patterns of physical activity can be
described by type, frequency, duration, and intensity.
Physical Activity Measurements
To accurately assess physical activity among children, an instrument must be
sensitive enough to identify or record sporadic and intermittent activity. A variety of
instruments have been developed to assess physical activity levels among children. These
instruments can be organized into two categories based on the type of information they
provide: (1) subjective or self-report instruments, and (2) objective instruments (Sirard &
Pate, 2001). Self-report measurements are used most commonly to assess physical
activity due to low cost, low burden, less time consumption, and ease of administration
among large numbers of children (Sallis, 1991). A number of self-report instruments have
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been developed to assess physical activity levels among children. Physical activity selfreport instruments vary considerably in the specificity with which type, duration,
frequency, and intensity of physical activity are evaluated based on the purpose of the
study. Generally, self-report measures use recall time frames ranging from as short as one
day to as long as one year. Six instruments, the Self Report of Aerobic Activity, the
Interviewer-administered Physical Activity Checklists (PACI), the Self-administered
Physical Activity Checklists (SAPAC), the Seven-day Physical Activity Recall (PAR),
the Physical Activity Questionnaire for Older Children (PAQ-C), and the Fels Physical
Activity Questionnaire (PAQ), were identified which assess physical activity levels
among children (See Appendix A).
Objective instruments include laboratory methods (direct or indirect calorimetry,
and the doubly labeled water method), and mechanical or electronic monitoring (heart
rate monitor, pedometer, and accelerometer). Laboratory methods are the most reliable
and valid methods to assess physical activity levels, but they are expensive and difficult
to implement (Kohl, Fulton, & Caspersen, 2000). These weaknesses limit their
applicability to large-scale epidemiological studies. Laboratory methods can be used to
validate other measurements, and are considered the gold standard for assessing physical
activity in children (Sirard & Pate, 2001).
Compared to laboratory methods, electronic monitoring methods are more costeffective for large-scale studies. The validity of heart rate monitors on assessing physical
activity relies on the linear relationship between heart rate and oxygen consumption.
However, this relationship is not robust, because children’s heart rate can also be affected
by psychological and environmental stress (Sirard & Pate, 2001). To avoid the influences
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of psychological and environmental stress on heart rate, researchers need to calibrate
individual heart rate/oxygen consumption relationship (Sirard & Pate, 2001). A
mechanical method of objectively monitoring physical activity, pedometers, are typically
simple, low cost electronic devices used to estimate the number of steps taken over a
period of time. Step counts are a suitable marker of physical activity levels in children,
though they do not describe intensity and duration of physical activity (McClain &
Tudor-Locke, 2009). Accelerometers can be used to assess the intensity and duration of
physical activity among children, but they are more expensive ($50-$400) than
pedometers ($10-$50) (McClain & Tudor-Locke, 2009). Additionally, most
accelerometers are not equipped with a digital screen to display the instrument output,
thus additional software (price ranges from $200 to $400) is needed to download the data
(McClain & Tudor-Locke, 2009). Therefore, because pedometers are relatively
inexpensive, objective, and valid electronic devices, and are considered appropriate
instruments to assess objective physical activity levels among children.
Both self-report and objective measurement instruments available to assess
physical activity levels among children have been evaluated. Self-report measurements
are commonly used to assess physical activity levels due to low cost, low burden, less
time consumption, and ease of administration among large numbers of children. The
PAQ-C is considered to be the most reliable and valid self-report measurement to assess
physical activity levels in children. While there are more accurate objective measures,
pedometers are relatively inexpensive, objective, and valid electronic devices to assess
objective physical activity levels in children. Therefore, both the self-report instrument
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(PAQ-C) and an objective method (pedometers) were used to assess children’s physical
activity levels in this study.
Physical Activity in Children
Recommendations and national objectives. The Centers for Disease Control
and Prevention (CDC) (2011c) and the U.S. Department of Health and Human Services
(USDHHS) (2009) recommend that children should participate in at least 60 minutes of
physical activity per day. Specifically, children should participate in several intermittent
bouts of moderate- to vigorous-intensity aerobic physical activity daily, as well as
muscle- and bone-strengthening physical activity at least 3 days a week (USDHHS,
2009). Healthy People 2020 defines several national physical activity objectives for
children including: (1) increase the proportion of public and private elementary schools
that require daily physical education for all students from 3.8% to 4.2%; (2) increase the
proportion of states requiring regularly scheduled elementary school recess from 14.0%
to 34.0%; (3) increase the proportion of children viewing television, videos or playing
video games for no more than 2 hours a day from 78.9% to 86.8%; (4) increase the
proportion of physician office visits including physical activity counseling from 7.9% to
8.7%; and (5) increase the proportion of children’s trips to school of 1 mile or less by
walking and 2 miles or less by bicycling (USDHHS, 2010). The American Academy of
Pediatrics (AAP) recommended limiting children’s leisure screen-viewing time, such as
TV, movies, video, and computer games, to no more than two hours per day (USDHHS,
National Institute of Health [NIH], & National Heart, Lung, and Blood Institute [NHLBI],
2011).
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Physical activity. For children who participate in physical activity, the most
frequent free-time activities are riding bicycles and playing basketball. About 77.4% of
children participate in free-time physical activity, but only 38.5% of children engage in
organized sports (Duke & Huhman, 2003). The 2003-2004 NHANES showed that on
average boys and girls performed 45 and 26 minutes of moderate- or vigorous-intensity
physical activity per day respectively, and only 48% of boys and 35% of girls
participated in at least 60 minutes of physical activity daily (Troiano et al., 2008). The
2009-2010 NHANES data showed that 70% of children met physical activity
recommendation, and 54% met screen-viewing time recommendation, but only 38% met
both physical activity and screen-viewing time recommendations concurrently (Fakhouri,
Hughes, Brody, Kit, & Ogden, 2013). The 2011 Youth Risk Behavior Survey indicated
that only 28.7% of adolescents participated in at least 60 minutes physical activity daily
(USDHHS & CDC, 2012). Physical activity levels among American children were
reported to drop sharply between age 9 and age 15, and the majority of children did not
meet the daily physical activity recommendation (Bock & Miller, 2008). At age 9,
children performed, on average, three hours of moderate- or vigorous-intensity physical
activity per day, but by age 15, they performed only an average of 49 minutes per
weekday and 35 minutes per weekend (Bock & Miller, 2008).
Sedentary activity. In 2002, the Youth Media Campaign indicated that 61.5% of
children did not engage in any organized physical activity during non-school hours and
22.6% of children did not participate in any free-time physical activity (Duke & Huhman,
2003). The 2001-2004 NHANES data indicated that boys and girls aged 9 to 11 years old
played an average of 144 minutes of computer/video games per day, and watched about
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72 minutes and 48 minutes of TV respectively per day (Anderson, Economos, & Must,
2008). Another study found that boys and girls watched a daily average of 137 and 128
minutes of TV respectively, and approximately 30% of boys and 25% of girls watched
four hours or more TV per day (Marshall, Gorely, & Biddle, 2006). On average, boys
played about 60 minutes of video games per day compared to 23 minutes for girls, and
children used computers for about 30 minutes per day (Marshall et al., 2006). More than
two thirds of children had a TV in their bedroom, and about 40% of families had a TV in
a room where meals were eaten (Jordan & Robinson, 2008). Screen-viewing time
(watching TV, using computers, or playing video games) increased as children got older
(Fakhouri et al., 2013).
Physical education. Physical education is a planned and sequential curriculum
program that follows national standards to provide children developmentally appropriate,
cognitive content and learning experiences in a variety of physical activity areas (NASPE,
2013). More than 69% of elementary schools, 84% of middle schools, and 95% of high
schools were recommended by the National Association for Sport and Physical Education
(NASPE) to have physical education. However, only 4% of elementary schools, 8% of
middle schools, and 3% of high schools had provided daily physical education to students
(Lee et al., 2007). The NASPE (2010) recommended that schools should provide 150
minutes of instructional physical education per week for elementary school children, and
225 minutes for middle and high school students throughout the school year. However,
only three states in America required the nationally recommended 150 or 225 minutes
physical education per week (NASPE, 2010).
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Physical activity and demographics. Children’s physical activity levels are
significantly correlated with ethnicity, race, sex, presence of siblings, family income,
parents’ education levels, marital status, and parental employment status. Generally, boys
participated in higher levels of physical activity than girls (Crespo et al., 2001). Hispanic
children with parents who have low income and education levels engage in lower levels
of organized activity and perceive more barriers, such as transportation, expense, and
neighborhood safety, than other groups of children (Duke & Huhman, 2003). Children
from households with two parents participate in higher levels of physical activity
compared to children from single-parent households (McVeigh et al., 2004). One study
among 2,458 children indicated that parental employment levels were also negatively
correlated with children’s television viewing, and children with employed mothers tended
to engage in more moderate- to vigorous-intensity physical activity (Hesketh et al., 2006).
Moreover, children from single-parent households, children with fathers not in paid
employment, and those without siblings participate in more low-intensity physical
activity, while children in similar households, but with siblings, engage in more
moderate- to vigorous-intensity physical activity (Hesketh et al., 2006).
In summary, the majority of American children do not meet daily physical
activity recommendations, and only three states require the nationally recommend
standards for physical education. On average, children spend more time watching TV
than participating in physical activity. Children’s physical activity levels are significantly
correlated with their ethnicity, race, sex, presence of siblings, annual family income,
parents’ education levels, marital status, and employment.
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Correlation between Physical Activity and Childhood Obesity
Many efforts have been made to investigate factors contributing to childhood
obesity in order to promote children’s health and reduce costs of obesity-related health
problems. Lack of physical activity or sedentary lifestyle is a significant determinant of
childhood obesity, and physical activity has been reported to be the key to controlling
childhood obesity (Hills et al., 2011; Janssen et al., 2005). Physical activity plays an
important role in reducing body fat mass through increasing energy expenditure
(Nowicka & Flodmark, 2007). Weight is gained when energy intake exceeds energy
expenditure, and weight is lost when energy expenditure exceeds intake. Energy
expenditure is comprised of three components: resting energy expenditure (60-75%), the
thermic effects of food (the energy expenditure in consuming and processing food, 10%),
and the thermic effects of physical activity (15-30%). Among the three components of
energy expenditure, thermic effects of physical activity are the most variable component,
varying within and between individuals due to the mutable nature of physical activity
(Goran & Treuth, 2001). Thus, physical activity is the discretionary component of energy
expenditure.
Consistent evidence shows that overweight or obese children have lower physical
activity levels and poorer fundamental movement skills compared to non-overweight
children (Hills et al., 2011; Nowicka & Flodmark, 2007; Steinbeck, 2001). Furthermore,
children with higher levels of physical activity have reduced skinfold thickness (Davis et
al., 2007; Hills, King, & Armstrong, 2007; Nowicka & Flodmark, 2007). One literature
review of physical activity intervention studies supported the inverse relationship of
physical activity levels with the prevalence of childhood obesity, and it concluded that
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increasing physical activity levels should be an attractive and non-restrictive approach to
childhood obesity intervention (Steinbeck, 2001). Similarly, the 2001-2002 Health
Behavior Survey among 137,593 elementary school-aged children from 34 countries
found that greater physical activity participation was significantly correlated with lower
odds of overweight in 29 out of 34 countries including U.S. (Janssen et al., 2005). The
Health Behavior Survey concluded that increasing physical activity participation should
be the focus of strategies aimed at controlling childhood obesity.
A recent review of 16 new cohort studies among children found that 6 out of 11
studies reported that children’s weight gain was negatively related to self-reported
physical activity levels but positively related to sedentary activities such as watching TV
or playing video games. Two out of five studies using objective measurements to assess
physical activity levels reported significantly negative relationship between physical
activity and obesity (Wareham, van Sluijs, & Ekelund, 2005). Another study among
1,204 children and adolescents showed that lack of physical activity and sedentary
lifestyles were significant determinants of elevated BMI, and risk factors contributing to
overweight and obesity development in youth (Bukara-Radujkovic & Zdravkovic, 2009).
Additionally, pediatric experts indicated that the evidence of a negative correlation
between physical activity and obesity in children was very strong (Davis et al., 2007).
Physical activity and health. In addition to helping control childhood obesity,
regular physical activity has a number of other desirable influences on children’s normal
growth, health, and academic performance. Evidence has indicated that physical activity
is essential for adequate childhood growth and development of cardiorespiratory
endurance, muscle strength, flexibility, motor skills, and agility (Hills, Okely, & Baur,
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2010; Nowicka & Flodmark, 2007). Lack of regular physical activity is correlated with
cardiovascular risk factors such as blood lipids and fasting glycemia (Nowicka &
Flodmark, 2007). Regular physical activity can significantly promote cardiovascular
health through improving lipid profiles, and decreasing the incidence of hypertension and
metabolic syndrome (Strong et al., 2005). In addition, evidence shows that regular
physical activity can decrease anxiety and depression, and improve self-concept among
children (Strong et al., 2005). More time spent on physical activity does not negatively
influence children’s academic performance. On the contrary, it can improve students’
academic achievement through enhancement of concentration and improved classroom
behaviors (Smith & Lounsbery, 2009).
In summary, overweight or obese children engage in lower levels of physical
activity compared to non-overweight children, suggesting that lack of physical activity is
one significant contributor to the childhood obesity epidemic. Moreover, physical activity
has beneficial effects on children’s growth, health, and cognition. Therefore, improving
children’s physical activity levels not only can help control childhood obesity, but also
can promote children’s normal growth, physical health, and academic performance.
Physical Activity Interventions in Children
With the strong evidence supporting a negative relationship between physical
activity and childhood obesity, many physical activity interventions have been designed
to increase children’s physical activity levels and control childhood obesity. However,
the majority of physical activity interventions, including school-based programs, remain
largely ineffective in childhood obesity control. A meta-analysis of 18 studies reported
that school-based physical activity interventions, with durations ranging from 6 months to
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3 years, had no significant effect on decreasing BMI (Harris et al., 2009). Similarly,
Dobbins and colleagues (2009) did a review of 26 studies on school-based physical
activity interventions and concluded that physical activity interventions did not
significantly affect BMI, pulse rate, leisure time physical activity rate, and systolic or
diastolic blood pressure. Another review of 11 clinical trials, intended to reduce weight
gain by increasing physical activity or reducing sedentary behavior among children,
found that only three trials reported a small intervention effect on obesity indices (BMI
and skinfold thickness), and two of those three studies found significant effect only in
boys (Wareham et al., 2005). Additionally, Brown and Summerbell (2009) did a
systematic review of school-based interventions, and found that only five out of 15
physical activity interventions demonstrated significant BMI decrease, and two of the
five studies found BMI decrease only in girls.
Some researchers attribute the ineffectiveness of physical activity interventions to
an insufficient dose of physical activity, due to short duration of intervention, insufficient
quantity of physical activity, or low adherence to intervention protocols (Dobbins et al.,
2009; Harris et al., 2009). Beyond the dose of physical activity, the effectiveness of
physical activity interventions may depend on the measurements of physical activity
(self-report measurements vs. objective measurements), study design (not randomized
controlled design), intervention methods (not focused on determinants of physical
activity or not based on a theoretical framework) and evaluation methods (measure the
composition of the weight loss vs. BMI) (Steinbeck, 2001). Based on the twocompartment model, the body is divided into body fat mass and lean mass (Phillips &
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Shulman, 2012). Both body fat mass and lean mass increase with age throughout
childhood, and vary based on sex and ethnicity (Phillips & Shulman, 2012).
Measurements used to assess body composition can be divided into two
categories: direct measures and indirect measures. Direct measures, such as densitometry
(underwater weighing) and scanning using dual energy x-ray absorptiometry, are more
accurate than indirect measures but also more expensive, time consuming, and not as
practical, especially for large epidemiological studies (Kipping, Jago, & Lawlor, 2008).
Indirect measures, such as waist circumference, skin fold, and BMI, do not precisely
assess children’s body composition (percent body fat), and there is considerable variation
across age, sex, and ethnicity (Dehghan & Merchant, 2008). But while BMI does not
precisely assess body composition, it has been recommended as a measure to screen for
childhood obesity in clinical practice and epidemiology because, in addition to its low
cost and ease of use, it has high specificity (95%-100%) and moderate sensitivity (36%66%) (Moyer et al., 2005).
Though physical activity interventions may not have significant effects on
childhood weight control, they do show encouraging effects on increasing physical
activity levels, decreasing sedentary activities, and preventing an increase in prevalence
of childhood obesity (Dobbins et al., 2009). A randomized controlled study in 24
elementary schools over 3 years found that though the Physical Activity Across the
Curriculum (PAAC) program, focusing on increasing physical activity without reducing
learning time, did not have significant effects on weight control (BMI), it did show that
change in BMI was significantly influenced by exposure to the program with increased
minutes of exposure in the program indicating decreased BMI change. In addition,
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schools with the PAAC program did show significantly less increase in BMI, higher
increase in physical activity, and higher academic achievement scores than control
schools (Donnelly et al., 2009). One comprehensive review found that physical activity
programs of 30- to 60-minute duration, performed 3 to 7 days per week, demonstrated
significant body fat and visceral adiposity reduction among obese children and
adolescents but not among healthy weight children and adolescents (Strong et al., 2005).
This finding implies that physical activity interventions may be more effective in
reducing weight among obese children.
The AAP recommends promoting lifelong habits of physical activity to achieve
sustained weight loss rather than short bouts of exercise (Council on Sports Medicine and
Fitness & Council on School Health, 2006). Though physical activity interventions of
short duration have not shown to significantly decrease BMI, they are effective in
increasing tolerance of physical activity, reducing blood cholesterol, time in watching
television, and improving physical fitness levels (Dobbins et al., 2009). Thus, physical
activity interventions should first focus on helping children establish and maintain
physically active lifestyles throughout childhood. Theoretically, early physical activity
interventions should be more effective in controlling childhood obesity because children
learn lifestyle behaviors from an early age and are more flexible in their abilities to
change behaviors than adults, but no studies have investigated this hypothesis (Steinbeck,
2001).
Evidence does indicate that understanding factors contributing to physical activity
in children will help build a framework for prevention or intervention (Steinbeck, 2001).
Thus, in order to design effective physical activity interventions tailored to address the
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objectives of Healthy People 2020 ‒ reduce childhood obesity from 17.4% to 15.7% and
prevent inappropriate weight gain (USDHHS, 2010), a theoretical framework that
considers the determinants of physical activity and has been validated in children is
necessary to guide further intervention design.
In summary, considering the increasing trend of childhood obesity prevalence and
the promising role of physical activity in controlling childhood obesity, many physical
activity interventions have been designed and conducted to control the childhood obesity
epidemic. However, the majority of physical activity interventions remain largely
ineffective in reducing BMI or other obesity indices. To design effective physical activity
interventions among children, it is important for interventions to be based on a theoretical
model that adequately explains the variance of physical activity. Thus, a theoretical
framework of the determinants of physical activity in children is needed to guide future
intervention study designs.
Determinants of Physical Activity in Children
The determinants of physical activity in children are multifactorial, resulting from
interactions among a number of factors. A discussion of the variables used in this study
(physical activity self-efficacy, physical activity enjoyment, parental influence, and
environment) will help to clarify the relationships among the factors that affect physical
activity in children and those considered to be the determinants of physical activity.
Physical activity self-efficacy. Self-efficacy was originally defined as the selfjudged conviction that one can successfully execute the behavior required to produce an
outcome (Bandura, 1977). Bandura (1997) later refined the definition of self-efficacy to
encompass individuals’ beliefs regarding their own capabilities to perform a task that is
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likely to result in the anticipated outcome. Self-efficacy has been shown to be a
significant predictor of physical activity among children (Baranowski, Cullen, Nicklas,
Thompson, & Baranowski, 2003), and evidence on the positive correlation between selfefficacy and physical activity is consistent and strong.
Self-efficacy is positively correlated with physical activity. Scientific findings
indicate that obese children usually have lower physical activity self-efficacy than nonobese children (Trost, Kerr, Ward, & Pate, 2001). In a review of the correlates of physical
activity among children and adolescents, half of the studies demonstrated that selfefficacy was positively associated with physical activity (Sallis, Prochaska, & Taylor,
2000). Dzewaltowski and colleagues (2010) reported that children with higher levels of
after-school physical activity had higher physical activity self-efficacy than children with
lower levels of physical activity. In a study of 4,779 adolescents, physical activity selfefficacy was positively correlated with physical activity levels, and the differences in
physical activity related to sex were explained by the differences in self-efficacy between
males and females (Spence et al., 2010). Another study in 72 adolescents found that only
self-efficacy made a significant and unique contribution to objective physical activity
levels compared to other social cognitive variables such as intention and perceived
behavior control (Roberts, Maddison, Magnusson, & Prapavessis, 2010).
Self-efficacy can facilitate physical activity interventions. A study in 206 African
American school-aged children found that an increase in physical activity self-efficacy
was significantly correlated with improvement in physical activity (Annesi, Faigenbaum,
& Westcott, 2010). Similarly, a randomized controlled trial among 2,087 adolescent girls
in 24 high schools indicated that self-efficacy significantly mediated the effects of
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intervention on physical activity (Dishman et al., 2004). This study concluded that selfefficacy should be a targeted mediator variable in physical activity intervention designs.
In reviewing the physical activity interventions in healthy adults, the study found that
when an intervention was associated with a change in self-efficacy, the intervention also
tended to be associated with a change in physical activity (Williams & French, 2011).
In conclusion, physical activity self-efficacy is one significant determinant of
physical activity. Interventions among adults and adolescents focusing on increasing
physical activity self-efficacy have shown significantly increased physical activity levels,
but only a few studies have been found that focus on self-efficacy as a mechanism to
improve physical activity in children.
Physical activity enjoyment. Enjoyment can be defined as “a positive affective
state that reflects feelings such as pleasure, liking and fun” (Motl et al., 2001, p. 110).
Recently, physical activity enjoyment and attraction to physical activity have been used
interchangeably (King, 2008). In fact, they are different terms. Attraction to physical
activity is defined as “an individual’s desire to participate in a task involving physical
exertion or movement through play, games or sport” (Rose, Larkin, Hands, Howard, &
Parker, 2009, p. 573). Children are attracted to physical activity by physical activity
enjoyment, and attraction of physical activity provides a basis for physical activity
enjoyment (Rose et al., 2009). Physical activity enjoyment has been reported to be the
primary motivation for children to participate in physical activity (DiLorenzo, StuckyRopp, Vander Wal, & Gotham, 1998; Sallis, Prochaska, Taylor, Hill, & Geraci, 1999).
The Self-Determination Theory (SDT) also supports that enjoyment/pleasure is the
intrinsic motivation for individuals to engage in a behavior (Lox et al., 2006; Ryan &
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Deci, 2000). The SDT was developed by Ryan and Deci (2000) to indicate the
importance of human’s inner resources for personality development and behavioral selfregulation. A stepwise regression analysis indicated that physical activity enjoyment was
the only consistent predictor of physical activity among children (DiLorenzo et al., 1998).
Additionally, Sallis, McKenzie and colleagues (1999) found that enjoyment was strongly
and consistently correlated with physical activity among children enrolled in the Sports,
Play, and Active Recreation for Kids (SPARK) physical education program. The SPARK
physical education curriculum is recognized as an effective school-based response to the
nations’ health care crisis, a successful model to deal with the childhood obesity epidemic,
and an Exemplary Program of the U.S. Department of Education (SPARK, 2012). Sallis,
McKenzie and colleagues argued that enjoyment should be targeted as an important
factor when planning future physical activity intervention programs.
Physical activity enjoyment has been reported to be positively correlated with task
goal orientation, perception of athletic competence, perceived physical appearance and
self-reported physical activity levels among children (Moore et al., 2009). Moreover,
Motl and colleagues (2001) suggested that interventions should focus on enjoyment to
improve physical activity among adolescents. A randomized controlled trial to explore
the effects of the Life-style Education for Activity Program (LEAP) on physical activity
among 2,087 adolescent girls found that physical activity enjoyment had a moderate
effect on self-efficacy but only a weak effect on physical activity, suggesting that
physical activity enjoyment had an indirect effect on physical activity through the
mediator of self-efficacy (Dishman et al., 2005).
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In summary, physical activity enjoyment is a consistent and promising
determinant of physical activity in children, and further studies are needed to target
physical activity enjoyment as an important consideration when designing physical
activity intervention programs for children. More studies are necessary to explore the
relationships among physical activity enjoyment, physical activity self-efficacy and
physical activity, especially to clarify the mediator or moderator effects of self-efficacy
among children.
Parental influence. Social ecological models indicate that family is the most
influential microsystem for children (McLeroy, Bibeau, Steckler, & Glanz, 1988), thus,
parental influence should be an important factor influencing children’s physical activity.
Moreover, for younger children whose behaviors are under less volitional control, parents
are the primary providers of supportive opportunities for children to be physically active
(Beets, Cardinal, et al., 2010).
According to Welk and colleagues (2003), parental influence can be divided into
four components: parental encouragement, parental involvement, parental facilitation,
and parental role modeling. Parental encouragement, involvement and facilitation
comprise parental support. Parental encouragement refers to parents’ verbal or nonverbal
encouragement or praise for a child to be active. Parental involvement refers to direct
participation of a parent in a child’s physical activity. Parental facilitation refers to the
assistance parents provide to make it easier for a child to be physically active. Finally,
parental role modeling refers to parental efforts to model a physically active lifestyle for a
child (Welk et al., 2003).
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Parental influence has been identified as a significant factor in increasing physical
activity levels among children (Van der Horst, Paw, Twisk, & Van Mechelen, 2007). One
study among 994 children found that parental influence was positively correlated with
children’s physical activity, with the parental facilitation component having the greatest
influence (Welk et al., 2003). Similarly, a study in 872 Chinese children and adolescents
reported that parental influence had direct positive effects on children’s physical activity
participation (Cheung-Peggy & Chow, 2010). Another study in 3,114 children found that
children’s perception of parental support and parents’ self-reported support for physical
activity were strongly correlated with children’s organized physical activity (Heitzler,
Martin, Duke, & Huhman, 2006). In addition, one study found that the parental role
modeling component was positively correlated with children’s physical activity levels
(Katherine, 2009), although another study found that only the mother’s role modeling
significantly affected children’s physical activity (Bois, Sarrazin, Brustad, Trouilloud, &
Cury, 2005). Nine year-old girls’ parental support levels significantly predict physical
activity levels at age 11 (Davison, Downs, & Birch, 2006). Similarly, parental
encouragement and involvement components significantly predict children’s physical
activity levels (Smith & Burton, 2005).
Beyond the direct effects of parental influence on children’s physical activity,
parental influence also has indirect effects on children’s physical activity. Evidence
indicates that parental influence could affect children’s physical activity through
attraction to physical activity and perceived competence (Smith & Burton, 2005). The
parental encouragement component was shown to enhance self-esteem, reduce anxiety,
and give obese children a sense of comfort, acceptance and reassurance of self-worth
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(Cox, Martin-Ginis, & Petruzzello, 2006). In other words, parental influence can improve
physical activity indirectly, through its influences on psychological factors, which
support the indirect effects of parental influence on physical activity among children.
In summary, parental influence is a significant determinant and predictor of
physical activity among children. Evidence indicates that physical activity interventions
including contact with families are most effective in increasing children’s physical
activity levels (Timperio, Salmon, & Ball, 2004). Thus, families should be an essential
part of a physical activity intervention program. The National Association for Sports and
Physical Education (NASPE) (2012) recommends that a Comprehensive School Physical
Activity Program (CSPAP) should involve parents because parents are an integral part of
children’s lives and can impact their physical activity participation.
Environment. Sallis and colleagues developed a preliminary social ecological
model for environmental and policy interventions to promote physical activity, which
focuses primarily on exosystem and macrosystem (Sallis, Bauman, & Pratt, 1998).
According to this model, more supportive environments will lead to higher physical
activity participation. Moreover, an environment promoting active lifestyle is a very
important factor to enable children to achieve daily physical activity recommendations. It
should be noted, however, that social ecological approaches are not intended to be
“stand-alone” interventions, with the idea that “if we build it, they will come.” In other
words, building fitness facilities does not guarantee that people will use the facilities and
become physically active (Lox et al., 2006). However, the fitness facilities at least offer
the opportunities for children to be physically active.
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Evidence has supported that equipment accessibility (walkable neighborhood,
sidewalks or school grounds designed for a variety of physical activity opportunities) can
facilitate children’s physical activity and improve physical activity levels (Sallis, 2010).
Children’s physical activity levels increase as the percentage of park area increases
within a neighborhood (Roemmich, Epstein, Raja, & Yin, 2007). Moreover, getting to or
from school is the most universal opportunity for incidental physical activity among
children. Though walking or bicycling to school has not been shown to decrease BMI or
control childhood obesity, it is a valuable opportunity for children to be active and can
improve children’s physical activity levels (Committee on Environmental Health, 2009).
Some researchers found that physical activity self-efficacy mediated the effects of
equipment accessibility on physical activity among children (Motl et al., 2005).
In addition to access to equipment, neighborhood safety is a very important
determinant of physical activity. Evidence indicates that traffic danger is the most
commonly mentioned factor that prevents children from walking to school or
participating in physical activity (CDC, 2005). Neighborhood safety plays an important
role in parents’ and children’s responses to the environment. Even though children have
access to physical activity equipment or supplies, safety concerns may prevent them from
using the accessible playground, parks or gyms (Committee on Environmental Heath,
2009). Children whose parents report anxiety about neighborhood safety engage in lower
levels of physical activity (Weir, Etelson, & Brand, 2006), particularly among urban
children and adolescents (Molnar et al., 2004).
In summary, equipment accessibility plays an important role in providing
opportunities for children to be active, while neighborhood safety facilitates children’s
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use of accessible equipment or supplies. Though environmental change may take a long
time and a great deal of money to implement, and require policy support to achieve,
environment is a very important determinant for children to participate in physical
activity. This is especially important for children with low socioeconomic status, due to
limited access to remote or more expensive opportunities for physical activity (Humbert
et al., 2006).
Summary. Determinants of physical activity in children can be summarized into
two categories: psychosocial (physical activity self-efficacy, physical activity enjoyment,
and parental influence) and environmental (environment). Based on the Social Cognitive
Theory, self-efficacy and outcome expectancy (enjoyment) are the two primary
individual factors influencing physical activity participation (Bandura, 1986).
Interventions focusing on increasing physical activity self-efficacy have shown increased
physical activity levels, but only a few studies have been found to target self-efficacy as a
mechanism to improve physical activity among children. Physical activity enjoyment is a
consistent and promising determinant of physical activity among children, but no study
has been found that specifically targets enjoyment as a mechanism to improve physical
activity among children.
Based on social ecological models, family is the primary microsystem of a child,
implying that parental influence plays an important role in influencing children’s physical
activity. Thus, physical activity interventions should target parental influence to increase
children’s physical activity. Moreover, equipment accessibility plays an important role in
providing opportunities for children to be physically active, while neighborhood safety
facilitates children’s use of accessible equipment or supplies. Though environment has

43

been supported to be significantly correlated with physical activity among children, few
studies have targeted environment to improve children’s physical activity due to its high
cost and great time consumption.
Part 2: Conceptual Framework
Rational for Choosing YPAP Model
To explain the rational for choosing the Youth Physical Activity Promotion
(YPAP) model for the dissertation study, theories and models popularly used in physical
activity studies among children and adolescents will be reviewed and discussed. All the
theories and models used in physical activity studies can be summarized into three
categories: models of individual health behavior such as Theory of Planned Behavior and
Self-Determination Theory, models of interpersonal health behavior such as Social
Cognitive Theory, and community and group models of health behavior change such as
social ecological models.
Models of individual health behavior.
Theory of Planned Behavior. The Theory of Planned Behavior (TPB) proposes
that people are more likely to perform a behavior when they consciously intend to
perform that behavior (Ajzen, 1991). Intention mediates the influences of three principle
constructs (attitude towards behavior, subjective norms, and perceived behavioral control)
on behaviors. Attitude simply refers to a person’s positive or negative thoughts
concerning the performance of a behavior. Subjective norms refer to the perceived social
pressure of performing a behavior. Perceived behavior control is the degree of control the
individual perceives having over a behavior, which can influence behavior independently
as well as through the effects of intention (Ajzen, 1991).
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Though the TPB has been popularly used in physical activity studies, only a few
studies have been conducted among children. The moderately strong relationships
between the three principle constructs and intention are supported by most of these
studies, but only a very weak correlation between intention and physical activity is found.
A study among 475 children found that intention only accounted for 8-9% of variance in
self-reported moderate- to vigorous-intensity physical activity (Martin, Oliver, &
McCaughtry, 2007). Rhodes and colleagues (2006) found that only 13% of children who
perceived very high intention to be physically active reported actually engaging in daily
physical activity, and intention had a very small effect on changes in physical activity
over time.
No study among children has been found that explored the reason for the gap
between intention and physical activity or why intention can only explain a small amount
of the variance in physical activity. Based on the findings of studies among adolescents,
the gap between intention and physical activity may be due to individuals who hold an
intention to act but subsequently fail to enact that intention (Godin & Conner, 2008).
Self-efficacy is the most common moderator in the relationship between intention and
physical activity among adolescents and adults in all domains of behaviors (Dishman et
al., 2002a; Luszczynska, Schwarzer, Lippke, & Mazurkiewicz, 2011). One study of 1,797
adolescents reported that self-efficacy significantly explained 74% of the variance in
intention to be physically active (Dishman et al., 2002b). Moreover, Luszczynska and
colleagues (2011) conducted two cluster randomized experimental studies among 58
diabetes patients and 187 active individuals, and their results also supported the
moderator role of self-efficacy in the intention-physical activity relationship.
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In summary, the correlation between intention and physical activity proposed by
the TPB is weak among children. This theory emphasizes the influence of individuals and
their beliefs on physical activity but does not specify particular beliefs about behavioral
outcomes, normative referents or control beliefs that should be measured or targeted
(Glanz et al., 2008). This results in difficulty applying the theory to children whose
behaviors may be influenced in different ways than adolescents or adults.
Self-Determination Theory. The Self-Determination Theory (SDT) was
developed by Ryan and Deci (2000) to emphasize the influences of intrinsic interest and
extrinsic rewards on behavioral changes. This theory assumes that people have three
basic innate needs: (1) a need for self-determination or autonomy, that is, the desire for
self-initiation in the regulation of behaviors, (2) a need to demonstrate competence, that
is, the desire to effectively interact with the environment and accrue expected outcomes,
and (3) a need for relatedness, that is, the desire to be connected and accepted by
significant individuals (Ryan & Deci, 2000). These three innate needs are the facilitators
of intrinsic motivation. The theory specifies three forms of motivation: intrinsic
motivation, extrinsic motivation, and amotivation. Intrinsic motivation refers to the
mentality of performing a behavior for the pure sake of enjoyment, pleasure and
satisfaction, and it is the most self-determined type of motivation. Intrinsic motivation is
the ideal condition for the promotion of healthy behaviors. Extrinsic motivation involves
four regulatory styles: (1) integrated regulation (degree of self-regulation = very high), (2)
identified regulation (degree of regulation = moderately high), (3) introjected regulation
(degree of self-regulation = moderately low), and (4) external regulation (degree of selfregulation = very low) (Ryan & Deci, 2000). Integrated regulation occurs when
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behavioral goals and actions are congruent with one’s values and needs. Identified
regulation occurs when a behavior is motivated by personal goals. Introjected regulation
occurs when a behavior is performed for the avoidance of guilt and anxiety or the
enhancement of pride and ego. Lastly, external regulation occurs when a behavior is
performed totally for obtaining a reward or avoiding a punishment. Amotivation involves
a lack of intention and absence of motivation, and it is the least autonomous regulation.
Self-determination decreases along the continuum from intrinsic motivation to
amotivation (Ryan & Deci, 2000).
Several studies among children and adolescents have supported the hypotheses
proposed in the SDT. One study among 239 children and adolescents found that students
with higher satisfaction of the three basic innate needs (autonomy, competence and
relatedness) had higher intrinsic motivation to perform physical activity, and intrinsic
motivation significantly and positively predicted physical activity levels and positive
attitudes towards physical activity (Vierling, Standage, & Treasure, 2007). Similarly,
another study in 328 adolescents indicated that the three basic innate needs were
positively correlated with intrinsic and extrinsic motivation, and intrinsic and extrinsic
motivation were positive predictors of intention to take part in leisure-time physical
activity while amotivation was a negative predictor (Standage, Duda, & Ntoumanis,
2003). Moreover, Standage and colleagues (2005) conducted a study among 950
adolescents that indicated that the three basic innate needs were the facilitators of
intrinsic motivation to attend school physical education classes.
There is emerging, but still limited, support for applying the SDT to
understanding determinants of physical activity among children (Motl, 2007). Though
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this theory emphasizes the important influences of motivation on physical activity, it
ignores the influences of environment on individuals’ behaviors. Several studies among
adolescents have supported the propositions of this theory, but no study has been found
that tested this theory specifically among children. Children under 11 years old have not
developed adult-capacity for abstract and logical thought and reason (Piaget, 1952), so
they may be motivated in different ways than adolescents or adults.
Limitations. Models of individual health behavior only focus on the influences of
individuals and their beliefs on behaviors. Humans do not operate as an autonomous
agent, that is, human’s behaviors are not only influenced by individuals and their beliefs
(Bandura, 1977). Instead, behaviors are strongly affected by the social context in which
they occur. The TPB and the SDT do not give sufficient attention to the maintenance of
behavioral change, which should be the focus and purpose for behavioral studies (Glanz
et al., 2008). For children, whose behaviors are under less volitional control, and who do
not fully develop adult-capacity for abstract and logical thought and reason, environment
plays an important role in behavioral change.
Model of interpersonal health behavior.
Social Cognitive Theory. The Social Cognitive Theory (SCT) provides a
comprehensive framework for understanding determinants of health-related behaviors
(Baranowski et al., 2003). The SCT is based on four assumptions: (1) behavior is
purposeful or goal directed; (2) humans are self-reflective agents; (3) humans are capable
of self-regulation; and (4) reciprocal determination means that personal, environmental,
and behavioral factors interact reciprocally. This theory proposes that behavior is a
function of constant reciprocal interaction between aspects of the environment and of the
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person. The primary personal concepts for understanding behavior include skills (the
ability to perform behavior when desired), self-efficacy (the belief that one is capable of
performing a behavior or action), and outcome expectancies (the belief that a behavior or
action will lead to an anticipated outcome) (Bandura, 1986). The key environmental
variables include modeling (learning a behavior by watching others and receiving
reinforcement for the behavior), and availability (whether physical equipment is available
for use) (Bandura, 1986). The primary resources outlined in the SCT are skills and selfefficacy to perform behaviors. Because skills are difficult to measure, thereby difficult to
study, self-efficacy has become the focus of behavior change studies (Baranowski et al.,
2003). The primary motivational variable in the SCT is outcome expectancies, and
enjoyment can be considered as an outcome expectancy for physical activity (Bandura,
1986; Baranowski et al., 2003).
The SCT has been popularly used in research among children to understand the
determinants of physical activity. Scientific data shows that environmental factors
(physical environment such as access to exercise facilities and community safety, and
social environment such as social support from parents), and personal factors (selfefficacy, outcome expectancy, and enjoyment) are the significant determinants of
physical activity among children (Sallis et al., 2000).
Limitations. This theory recognizes the influences of environment on behaviors,
but it also focuses on human’s potential abilities to change and construct environment to
meet their needs (Glanz et al., 2008). However, for children who have little power to
control their lives, their behaviors are more passively affected by the environment. In
addition, this theory can describe determinants of behavior only when the behavior is
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challenging or novel (Lox et al., 2006). As a result, the influence of self-efficacy is
greatly reduced as behavior becomes well learned and habitual. The SCT provides a
broad and frequently cited source of concepts and principles of behavioral change, but it
does not focus on the specific behavior that is being studied ‒ physical activity.
Furthermore, this theory focuses on individual behavior change instead of behavioral
change at the level of population. It has been recommended that this theory should be
merged with other theories composed of similar or shared elements to further enhance its
predictive ability (Lox et al., 2006).
Community and group models of health behavior change.
Social Ecological Models. Social ecological models recognize that individuals are
responsible for engaging in healthy behaviors; they also recognize the influences of
physical environment, society, community, and government on healthy behaviors (Green,
Richard, & Potvin, 1996). These models have four core principles: (1) human behaviors
are influenced by multiple levels of factors including intrapersonal (biological,
psychological), interpersonal (social, cultural), organizational, community, physical
environment, and policy; (2) these multiple levels of factors interact to influence
behaviors; (3) these models should be behavior-specific and identify the most important
influences at each level; and (4) interventions targeting multiple-level factors should be
more effective in changing behavior (Glanz et al., 2008). Social ecological models
propose that behavior change is maximized when individuals are motivated and educated,
when social support is present, and when environment and policies support behavioral
change (Glanz et al., 2008).
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Ecological Model for Physical Activity. In 2006, Sallis and colleagues developed
a social ecological model built around four domains of physical activity: recreational
activity, transportation activity, occupational activity, and household activity. This model
proposes that the four domains of physical activity take place in different settings and are
expected to be affected by different sets of environmental factors. Moreover, each
environmental factor is influenced by policies emanating from multiple government
agencies, organizations, and society. Intrapersonal variables (demographics, biological,
psychological and family situation), and individual perceptions of environment (safety,
attractiveness, comfort, perceived crime, convenience and accessibility) are individuallevel factors, while behavior setting (places where physical activity may occur), and
policy environment are the environmental-level factors. Behavior represents the
interaction of individual-level factors and environmental-level factors. Environment
(perceived environment, behavior setting, and policy environment) can be classified
within four categories: built environment, natural environment, social-cultural
environment, and information environment (Sallis et al., 2006). Built environment is a
part of physical environment constructed by human activity such as land use patterns,
transportation system, and physical infrastructure of roads, sidewalk and bike paths
(Handy, Boarnet, Ewing, & Killingsworth, 2002).
Evidence supports the idea that built environment (walkable neighborhoods,
sidewalks, or school grounds designed for a variety of physical activity opportunities)
facilitates children’s physical activity and improves physical activity levels (Sallis, 2010).
The ecological model for physical activity focuses on multiple levels of influence that
broaden options for physical activity interventions. Moreover, policy and environmental
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changes considered in this model affect an entire population, in contrast to interventions
that reach only individuals who choose to participate (Glanz et al., 2008). In addition,
policy and environmental interventions can establish settings and incentives that persist
in sustaining behavioral change over time. Evidence supports that different levels of
policy (federal, state, community, and school) can simultaneously and independently
influence environment and opportunities for children to be physically active (Langille &
Rodgers, 2010). Childhood obesity has become a public health crisis (Ogden, 2010), thus,
physical activity interventions should make use of the ecological model for physical
activity to focus on entire population rather than only the level of the individual.
Limitations. No study has been found that examined the multi-level correlates and
interactions across levels of influences among children, and only a few studies have
examined the utility of social ecological models for increasing physical activity levels
(Glanz et al., 2008; Langille & Rodgers, 2010). Social ecological models recognize
multiple levels of influences on physical activity and multiple levels of intervention
opportunities for increasing physical activity. However, these models fail to specify
testable relationships among variables (Glanz et al., 2008). This places greater burden for
health care professionals to identify critical factors as mechanisms for physical activity
interventions. In other words, social ecological model are not practicable, and do not
generate testable hypotheses nor provide useful guidelines for application to empirical
study.
Summary and conclusion. The theories discussed here each have limitations
when applied to physical activity interventions among children. Models of individual
health behavior (TPB and SDT) cannot inform the development of physical activity
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intervention strategies that target changes beyond the individual level. The SCT
recognizes the influences of environment on behaviors, but it focuses on human’s
potential abilities to change and construct environment to meet their needs (Glanz et al.,
2008). For children who have little power to control their lives and change the
environment, behaviors are more passively affected by the environment. Though social
ecological models recognize the multiple levels of influences on healthy behaviors, they
do not provide testable hypotheses and specific guidelines on which variables are most
important for physical activity among children (Elder et al., 2007). To improve the
effectiveness of a model to guide behavioral change, the model must be tailored to
specific populations and behaviors (Sallis et al., 2006). However, few theories and
models used to guide research on physical activity have been developed for children
(Welk, 1999). Most studies among children have applied models that were developed for
adults, with the assumption that they would be applicable to children (Welk, 1999). It is
premature to assume that behaviors of children, adolescents and adults are influenced in
the same way.
Precede-Proceed Health Promotion Planning Model
The Precede-Proceed health promotion planning model is an educational and
ecological approach to promote public health and facilitate population health planning,
and has served as a successful model in the planning of numerous programs in
communities, occupational settings, educational settings, and health care settings (Green
& Kreuter, 2005). This model has four characteristics: (1) flexible and scalable: the
model is applicable to all kinds of health programs across a wide range of populations
and settings; (2) evidence-based and can be evaluated or tested and then modified based
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on rigorous evaluation: interventions or programs guided by this model are designed
based on thorough assessments and can be adjusted based on evaluation; (3) commitment
to the principle of participation: this model considers participants’ opinions, thoughts and
purposes when designing interventions or programs; and (4) a platform for evidencebased “best practice”: this model provides a theoretical framework for designing effective
interventions regardless of culture, socioeconomic condition, or historical precedent in
social customs, laws and policies (Green & Kreuter, 2005).
The Precede-Proceed model has two components: PRECEDE (for Predisposing,
Reinforcing and Enabling Constructs in Educational/ecological Diagnosis and
Evaluation), namely, the planned assessments; and PROCEED (for Policy, Regulatory
and Organizational Constructs in Educational and Environmental Development), that is,
the strategic implementation of multiple actions. The PRECEDE component consists of
four phases: Phase 1 social assessment and situational analysis, Phase 2 epidemiological
assessment, Phase 3 educational and ecological assessment, and Phase 4 administrative &
policy assessment and intervention alignment, while the PROCEED component includes:
Phase 5 implementation, Phase 6 process evaluation, Phase 7 impact evaluation, and
Phase 8 outcome evaluation (Green & Kreuter, 2005). Therefore, the PRECEDE phases
can be viewed as the formative evaluation in which diagnostic and assessment data is
used to set intervention priorities, objectives, targets and baseline measures for later
evaluation. The PROCEED phases can be viewed as summative evaluations in which the
principles and methods of management and evaluation are described (Green & Kreuter,
2005).
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In Phase 1, researchers assess the cultural and social circumstances, concerns and
needs of the target population. In Phase 2, researchers need to identify the health goals,
problems of the target population and relevant determinants of health. Through these two
phases, researchers create the objectives of an intervention. In Phase 3, researchers
identify the behaviors and environmental factors that should be changed to promote
health, determine which of them is most likely to be amendable to change, and identify
the factors influencing the manageable behaviors and environmental factors, and finally
plan an intervention to address these factors. In Phase 4, researchers assess the policy,
organizational and administrative capabilities and resources that can affect the successful
conduct of the intervention. In Phase 5, researchers implement the intervention. From
Phase 6 to 8, researchers evaluate the process of the intervention, the impact of the
intervention on targeted behavior and environmental factors, and the health outcomes of
the intervention; and adjust the intervention accordingly. In the Precede-Proceed model,
evaluation is not viewed as a separate enterprise; rather, it is integrated as a basic
component throughout all phases of the model (Green & Kreuter, 2005).
Phase 3 in this process merits further description. In Phase 3 educational and
ecological assessment, three groups of factors are proposed ‒ predisposing factors,
reinforcing factors, and enabling factors ‒ that influence health behavior. Predisposing
factors include “a person’s or population’s knowledge, attitudes, beliefs, values and
perceptions that facilitate or hinder motivation for change” (Green & Kreuter, 2005, p.
14), such as early childhood experiences, self-efficacy, and outcome expectancy.
Reinforcing factors are the “rewards and feedback the learner receives from others
following adoption of a behavior, which may encourage or discourage continuation of the
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behavior” (Green & Kreuter, 2005, p. 15). Enabling factors are “those skills, resources or
barriers that can help or hinder the desired behavioral change as well as environmental
change” (Green & Kreuter, 2005, p. 15), such as facilities and personal or community
resources, income or health insurance, laws and statutes, and skills required for a desired
behavior.
Youth Physical Activity Promotion Model (YPAP)
The YPAP model was proposed by Welk to serve as a bridge between theory and
practice among children and adolescents (Welk, 1999). The model was developed using
the Precede-Proceed health promotion planning model (Green & Kreuter, 2005) as an
organizational framework. It adopts a social-ecological perspective to highlight the
influences of personal, social and environmental factors on physical activity. Compared
to the SCT, the YPAP model provides a broader perspective on the determinants of
physical activity among children and adolescents (Welk, 1999).
The components of the YPAP model and their relationships are displayed in
Figure 1. This model proposes that three groups of factors ‒ predisposing factors,
reinforcing factors, and enabling factors ‒ are directly correlated with physical activity
among children and adolescents (Welk, 1999). Predisposing factors are categorized into
two fundamental questions: Is it worth it? and Am I able? The first question addresses the
benefits and costs of participating in physical activity and includes a cognitive component,
such as attitudes, perceived benefits and beliefs about physical activity, and an affective
component, such as physical activity enjoyment and interest. The second question
addresses perceived competence such as self-efficacy and physical self-worth. Children
high in the two components – cost/benefits and competence – are likely to possess an
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active identity and be predisposed to physically active lifestyles. Reinforcing factors
include the influences of families, peers and coaches, and influence physical activity
directly, as well as indirectly through predisposing factors. Enabling factors include
environmental determinants such as access to equipment, parks and programs, weather,
presence of sidewalks and environmental safety; and biological determinants such as
physical fitness, skills and body fat. Environmental determinants are necessary but not
sufficient determinants of physical activity, but do directly influence physical activity.
Enabling factors directly influence physical activity, while biological determinants are
more likely to influence physical activity indirectly through perceptions of competence,
Am I able? In addition, Welk (1999) proposed including demographic factors in the
model because these factors (sex, age, culture and socioeconomics) indirectly influence
physical activity levels through predisposing factors, reinforcing factors, and enabling
factors.
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Figure 1
The Youth Physical Activity Promotion Model (Welk, 1999)

Empirical Uses of YPAP Model
Three studies investigating the determinants of physical activity among
adolescents have used the YPAP model as a theoretical framework. One study among
296 American adolescents was designed to test relationships among attraction to physical
activity, perceived physical competence, physical self-worth, parental encouragement,
and physical activity (Rowe et al., 2007). Results indicated that attraction to physical
activity and perceived physical competence were significantly correlated with physical
activity levels, as recorded by pedometers, and parental encouragement was significantly
correlated with attraction to physical activity, perceived physical competence and
perceived self-worth. Another study in 158 American middle school students was
conducted to explore the predisposing, reinforcing and enabling factors related to after58

school physical activity participation (King, 2008). The results showed that physical
activity self-efficacy, attraction to physical activity, and access to sports equipment were
the significant determinants of after-school physical activity. The last study was
conducted in 601 Thai adolescents to understand the predictors of physical activity
(Wattanasit, 2009). The results indicated that attraction to physical activity, perceived
physical competence, peer influence, and parental influence accounted for 15% variance
in physical activity. Perceived physical competence affected physical activity indirectly
through attraction to physical activity, and peer and parental influence affected physical
activity through perceived physical competence and attraction to physical activity. All
three of these studies suggest that attraction to physical activity, physical activity selfefficacy, perceived physical competence, access to sports equipment, peer influence, and
parental influence are important determinants of physical activity in adolescents.
Only one study among 994 American children has examined the mechanism of
parental influence on physical activity (Welk et al., 2003). The study’s findings showed
that attraction to physical activity, perceived physical competence, and parental influence
together explain 30% of the variance in physical activity among children, explaining a
larger proportion of the variance in physical activity among boys than among girls.
Attraction to physical activity explains the largest unique portion of the variance in
physical activity compared to the other two factors. In addition, parental influence
explains 20%, 26%, and 28% of variance in physical activity, attraction to physical
activity, and perceived physical competence respectively, indicating that parental
influence has an indirect effect on physical activity in children (Welk et al., 2003).
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These three studies among adolescents have focused on predisposing factors
(attraction to physical activity, physical activity self-efficacy, and perceived physical
competence), reinforcing factors (peer influence and parental influence), and enabling
factors (access to sports equipment) to explore this model, and their findings support the
assumed relationships among these variables proposed by the model. The only one study
was identified among children; it focused on reinforcing factors (parental influence), and
predisposing factors (perceived physical competence and attraction to physical activity).
Moreover, the purpose of this single study among children was to examine the
mechanism of parental influence on physical activity. Therefore, it is necessary to explore
the YPAP model among children through examining the relationships among all three
sets of factors, predisposing factors, reinforcing factors, and enabling factors, with
physical activity.
All these studies use the variable attraction to physical activity to address the
question – Is it worth it? In the original YPAP model, Welk used physical activity
enjoyment to address this question, although later he used attraction in the parental
influence study. The investigator in this study emailed Welk to clarify this question, and
he indicated that physical activity enjoyment should influence physical activity equally as
does attraction to physical activity (Personal Communication, March 21, 2012). Thus,
based on the literature review and comparison of the enjoyment scale with attraction
scale, physical activity enjoyment was selected for use in this dissertation study.
Conceptual Framework for the Dissertation Study
The conceptual framework for the dissertation study was adapted from the YPAP
model (See Figure 2). The conceptual framework establishes the relationships among
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physical activity self-efficacy, physical activity enjoyment, parental influence,
environment, personal demographics, and physical activity that will be examined. In this
conceptual framework, physical activity self-efficacy, physical activity enjoyment,
parental influence, and environment are the significant determinants of physical activity
among children. These factors were selected for the study based on the following
rationale.
The SCT provides a comprehensive framework for understanding determinants of
health-related behaviors (Baranowski et al., 2003). Self-efficacy is the primary concept of
the SCT for changing behavior, and it has been shown to be the most significant correlate
and predictor of physical activity among children (Rimal, 2001; Strauss et al., 2000).
Therefore, self-efficacy was used to answer the first question ‒ Am I able? Physical
activity enjoyment is the primary outcome expectancy and intrinsic motivation for
children to be active (Kendzierski & Decarlo, 1991; Motl et al., 2001). Thus, physical
activity enjoyment was used to answer the second question ‒ Is it worth it? The two
questions ‒ Is it worth it? and Am I able? ‒ were used to address the predisposing factors
of physical activity. For younger children whose behaviors are under less volitional
control, parents are the primary providers of supportive opportunities for children to be
active (Beets, Cardinal, et al., 2010). Specifically, parents serve as “gate keepers” to
physical activity through controlling access to physical activity programs, facilities, and
outdoor environment; and they serve as models, reinforcers and advocates of healthenhancing behaviors (Beets, Cardinal, et al., 2010; Boufous et al., 2004; Welk et al.,
2003). Thus, parental influence was used to address the reinforcing factors of physical
activity. Environment, including equipment accessibility and neighborhood safety, plays
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an important role in providing opportunities for children to be active, and facilitates
children’s use of accessible equipment or supplies, thus improving children’s physical
activity levels (Committee on Environmental Health, 2009; Molnar et al., 2004).
Biological determinants are excluded as enabling factors because physical fitness and
body composition are most often considered as outcomes of physical activity. Likewise,
skill is excluded from using as an enabling factor due to the difficulty in measuring skills
(Baranowski et al., 2003). Thus, environment, including equipment accessibility and
neighborhood safety, was selected as the enabling factor in this study.
Finally, personal demographics ‒ child’s age, sex, ethnicity, race, number of
siblings or children in household, socio-economic status, parents’ education levels,
marital status and employment status ‒ were collected, because children’s physical
activity levels have been significantly correlated with children’s age, sex, ethnicity, race,
sibling’s presence, family socio-economic status, parents’ marital status, employment
status and education levels (Duke & Huhman, 2003; Hesketh et al., 2006; McVeigh et al.,
2004; Troiano et al., 2008). Personal demographics were used to examine how these
factors influenced other variables, which might provide valuable information for
designing physical activity interventions tailored to children with differing demographic
characteristics. Moreover, children’s transportation patterns from home to school was
assessed, because getting to or from school is the most universal opportunity for children
to participate in incidental physical activity (Committee on Environmental Health, 2009).
Finally, children’s sedentary behavior was assessed to examine its relationship with
obesity status. The YPAP conceptual framework was adapted to reflect these choices. See
Figure 2 for the adapted conceptual model used to guide the dissertation study. Table 1
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compares the conceptual and operational definitions between the YPAP model and the
conceptual framework used in the dissertation study.
Figure 2
The Conceptual Framework for the Study, Adapted from the YPAP Model (Welk, 1999)
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Table 1
Comparisons of Conceptual and Operational Definitions between the YPAP Model and the Dissertation Conceptual Framework
Concept
Physical
Activity

Definition

YPAP Model

Conceptual

Physical activity is any bodily movement
produced by skeletal muscles that results in
energy expenditure (Caspersen et al., 1985, p.
126).
Physical Activity Questionnaire for Older
Children (PAQ-C) (Crocker, Bailey, Faulkner,
Kowalski, & McGrath, 1997; Kowalski, Crocker,
& Faulkner, 1997)

Physical activity is any bodily movement
produced by skeletal muscles that results in
energy expenditure (Caspersen et al., 1985, p.
126).
Physical Activity Questionnaire for Older
Children (PAQ-C) (Crocker et al., 1997;
Kowalski et al., 1997)

Perceived self-efficacy is belief in one’s own
capacity to organize and execute a course of
action required to achieve a goal (Bandura, 1997,
p. 3). Self-efficacy includes self-regulatory
efficacy and barrier self-efficacy (DuCharme &
Brawley, 1995).
Physical Activity Self-efficacy Scale (PASES)
(Saunders et al., 1997)

Self-efficacy is confidence in one’s own ability to
be physically active. It has three components:
support seeking, barriers and positive alternatives
(Saunders et al., 1997).

Physical activity enjoyment refers to a positive
affective state that reflects feelings such as
pleasure, liking and fun related to physical
activity (Motl et al., 2001, p. 110).
Physical Activity Enjoyment Scale (PACES)
(Kendzierski & Decarlo, 1991; Moore et al.,
2009)

Physical activity enjoyment refers to a positive
affective state that reflects feelings such as
pleasure, liking and fun related to physical
activity (Motl et al., 2001, p. 110).
Physical Activity Enjoyment Scale (PACES)
(Kendzierski & Decarlo, 1991; Moore et al.,
2009)

Operational
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Self-Efficacy

Conceptual

Operational
Physical
Activity
Enjoyment

Conceptual

Operational

Conceptual Model for the Dissertation Study

Physical Activity Self-Efficacy Scale (PASES)
(Saunders et al., 1997)

Parental
Influence

Conceptual
Operational

Environment

Operational

Personal
Demographics

Operational

Role modeling, encouragement, facilitation (take
children to parks), and involvement (exercise
with children) (Welk, 1999).
Parental Influence Scale (Welk et al., 2003)

Role modeling, encouragement, facilitation and
involvement (Welk et al., 2003).

Access to equipment, parks and physical activity
programs; availability of play spaces; good
weather; presence of sidewalks; safety (Welk,
1999)
Age, sex, ethnicity/culture, and socio-economic
status (Welk, 1999)

Equipment accessibility (family, school and
community), and neighborhood safety

Parental Influence Scale (Welk et al., 2003)

Age, sex, ethnicity, race, number of children,
marital status, socio-economic status, parents’
education level and employment status

65

Summary
Regular physical activity has many desirable influences on children’s growth,
health, and academic performance. However, the majority of American children do not
meet the daily physical activity recommendation, and only three states require the
nationally recommended levels of physical education. Overweight or obese children
engage in lower levels of physical activity compared to non-overweight children,
indicating that lack of physical activity may be one significant contributor to the
childhood obesity epidemic. Therefore, increasing physical activity is an important factor
in efforts to control childhood obesity.
Considering the trend toward increased prevalence of childhood obesity and the
promising role of physical activity in controlling childhood obesity, many physical
activity interventions have been designed and conducted to check the childhood obesity
epidemic. However, the majority of physical activity interventions remain largely
ineffective in controlling childhood obesity. To design effective physical activity
interventions among children, it is important for interventions to be based on a theoretical
model that adequately explains the variance of physical activity among a specific
population. Thus, a theoretical framework of the determinants of physical activity in
children is needed to guide further intervention design.
Commonly used theories have limitations when applying to physical activity
interventions among children. Models of individual health behavior (TPB and SDT)
cannot inform the development of physical activity intervention strategies that target
changes beyond the individual level. The SCT recognizes the influence of environment
on behaviors, but it focuses on human’s potential abilities to change and construct
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environment to meet their needs. For children who have little power to control their lives
and change the environment, behaviors are more passively affected by the environment.
Though social ecological models recognize the multiple levels of influence on healthy
behaviors, they do not provide testable hypotheses and specific guidelines on which
variables may be targeted to improve physical activity among children. To improve the
effectiveness of a model in guiding behavioral change, the model must be tailored to
specific populations and behaviors. However, few theories and models used to guide
research on physical activity are specifically developed for children.
The YPAP model was developed specifically for promoting physical activity
among children and adolescents by considering their developmental, psychological and
behavioral characteristics. However, only one study has been found using this model in
children, and that study focuses only on reinforcing factors (parental influence), and
predisposing factors (perceived physical competence and attraction to physical activity)
to examine this model, but not enabling factors. Considering the important role of
environment in providing opportunities for children to be physically active and to
facilitate children’s use of accessible equipment or supplies, it is necessary to explore this
model among children by examining the relationships among predisposing factors,
reinforcing factors, enabling factors and physical activity.
The potential determinants of physical activity to be investigated in this study are
based on the YPAP model and grounded in previous empirical research. Physical activity
self-efficacy is the strongest predictor of physical activity among children, and physical
activity enjoyment is the primary outcome expectancy and intrinsic motivation for
children to be active. Thus, physical activity self-efficacy and physical activity enjoyment
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are potential predisposing factors. For younger children whose behaviors are under less
volitional control, parents are the primary providers of supportive opportunities for
children to be active. Thus, parental influence is a possible reinforcing factor. The
environment plays an important role in providing opportunities for children to be active
and is a likely enabling factor.
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CHAPTER III
METHODOLOGY
The purpose of this study was to explore the psychosocial and environmental
determinants of physical activity among children aged 8 to 11 years old. Relationships
among predisposing factors (physical activity self-efficacy and physical activity
enjoyment), reinforcing factor (parental influence), enabling factor (environment), and
physical activity in elementary school children were examined to provide insights for
developing future interventions to increase physical activity and reduce obesity in this
vulnerable population. This chapter presents the research design, setting, sample,
measurements, procedures, data analysis, and protection of human subjects for this
dissertation study.
Research Design
A cross-sectional correlational design (path analytic study) was used to explore
the relationships among determinants of physical activity in children aged 8 to 11 years
old. This method was selected because it is a means to test a “hypothesized causal chain
among a set of independent variables, mediating variables and a dependent variable”
(Polit & Beck, 2004, p. 191). The dependent/outcome variable was physical activity, and
the major independent variables were physical activity self-efficacy, physical activity
enjoyment, parental influence and environment, with physical activity self-efficacy and
physical activity enjoyment partially mediating the effect of parental influence on
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physical activity. In addition, a pretest-posttest design was used to examine the influence
of wearing pedometers on children’s perceptions of physical activity self-efficacy,
physical activity enjoyment, parental influence and environment in a randomly selected
subsample from all the participating children.
In this study, all the children were asked for responses to a series of standardized
instruments, named as the posttest surveys, which were administered after participants
wore pedometers for seven consecutive days. The posttest surveys measured physical
activity self-efficacy, physical activity enjoyment, parental influence, environment and
self-reported physical activity. The parents or the legal guardians were asked for
responses to a demographic information questionnaire. The randomly selected subsample
of 50 children were also asked to complete a series of standardized instruments, named as
the pretest surveys, which measured physical activity self-efficacy, physical activity
enjoyment, parental influence and environment before receiving a pedometer.
Setting
The Communities In Schools of Clark County (CISCC) is a non-profit
organization using community resources to help children learn successfully, stay in
school, and prepare them for future life (Communities In Schools of Clark Co., 2010).
Since 2001, the CISCC has provided afterschool programs or extended day learning
services in one primary school (Pre-Kindergarten  1st grade), sixteen elementary schools
(Pre-Kindergarten  5th grade), three middle schools (6th  8th grade), and one high school
(9th  12th grade) in Greater Clark County, Indiana (Communities In Schools of Clark
Co., 2010). In 2011, Greater Clark County included 42,909 households with an average
annual household income of $60,340, compared to $61,977 in the state as a whole and
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$72,579 nationally. About 11.9% of people in the Greater Clark County were below
poverty level compared to 14.1% in Indiana and 14.3% nationally (U.S. Census Bureau,
2013).
Nine suburban elementary schools and one rural elementary school with
afterschool programs were selected to obtain a sample representative of the county in this
study (Phan & Glander, 2007). Rural district was defined as a territory that is less than or
equal to 25 miles from an urbanized area of 50,000 or more people, as well as territory
that is less than or equal to 10 miles from an urban cluster of at least 2,500 and less than
50,000 people (Phan & Glander, 2007). Suburban district was defined as a territory
outside a principal city (primary population and economic center of an Metropolitan
Statistical Area) and inside an urbanized area (with a population of 50,000 or more)
(Phan & Glander, 2007). The ten elementary schools were located in two townships,
Clarksville and Jeffersonville, within Greater Clark county (National Center for
Educational Statistics [NCES], 2012). The demographics of these two townships are
displayed in Table 2 (The Office of Fair Housing and Equal Opportunity, 2012).
In the 2011-2012 school year, in the ten elementary schools selected for this study,
there were a total of 4,287 children (2,251 boys and 2,037 girls) with 697 children in
Grade 3, 736 in Grade 4, and 610 in Grade 5 (NCES, 2012). Among the ten elementary
schools, 65.7% (n = 2,816) of the children were Caucasians, 15.4% (n = 659) were
African Americans, and 8.2% (n = 351) were Hispanics. In comparison, nationally, 53%
of 8-11 year-old children are Caucasians, 14% are African Americans, and 24% are
Hispanics (Kaiser Family Foundation, 2011b). Almost 52% (n = 2,224) of the children
were eligible for free lunch compared to 39.0% in Indiana, and 9.9% (n = 426) were
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eligible for reduced-price lunch compared to 7.7% in Indiana (NCES, 2012; The Annie E.
Casey Foundation, 2013).
Table 2
Demographic Summary of Communities
Variable

Clarksville

Jeffersonville

19,177

45,173

7.4%

7.7%

Sex (male)

48.3%

48.9%

Ethnicity (Hispanic)

5.0%

3.0%

Race
Caucasian
African American

85.2%
7.4%

79.9%
13.4%

Marital Status
Married (male)
Married (female)
Divorced/Widowed (male)
Divorced/Widowed (female)
Single (male)
Single (female)

24.5%
24.5%
8.3%
16.4%
14.8%
11.5%

27.1%
27.4%
7.4%
12.6%
13.7%
11.9%

Education
Less than high school graduate
High school graduate
Some college
Associate degree
Bachelor’s degree
Graduate/professional degree

18.9%
37.4%
22.9%
7.4%
9.0%
4.4%

13.5%
36.0%
25.5%
7.8%
11.8%
7.4%

Employment
Unemployed (male)
Unemployed (female)

3.1%
2.5%

3.4%
2.5%

Household Income
Average
< $25,000
< $50,000

$55,920
27.3%
58.9%

$61,737
21.4%
48.7%

Population Density

1,963

1,238

130
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Population
6-11 years old

Total Crime Risk Index*
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Note. * Total Crime Risk Index is used to assess an area’s relative safety related to
national average of 100. It is an index of the combined risks of rape, murder, assault,
robbery, burglary, larceny, and vehicle theft.
Sample Size
The hypothesized path model for this study is shown in Figure 3 below. The
requirement of sufficient sample size for Structural Equation Modeling (SEM), which is
“a statistical methodology that takes confirmatory (i.e., hypothesis-testing) approach to
analysis of a structured theory bearing on some phenomenon” (Byrne, 2010, p. 3), is to
have 10 to 1 ratio for the number of subjects to the number of parameters (= number of
paths (the straight arrow) + number of variances of exogenous + number of covariance +
number of disturbance terms) (Suhr, 2012). In this study, there are 11 parameters (six
paths + two exogenous variables + zero covariance + three disturbance terms), so the
sample size of 110 was determined to be sufficient to utilize the statistical technique of
SEM. For the feasibility study (Ling, 2012), 16.7% of questionnaires had missing data,
thus, 23 additional participants were recruited to obtain adequate power. Therefore, a
total of 133 children were recruited in this study. The power analysis for the pairedsamples t-test with a = .05 and moderate effects size (.40-.50) indicated that a sample size
of 50 was adequate to gain a power of .80 or above (See Figure 4). Therefore, 50 children
were randomly selected from the 133 children to participate in the pretest-posttest study.

73

Figure 3
The Hypothesized Path Model

Figure 4
Power Analysis for Paired-samples t-test

Sample
Participants in this study were children aged 8 to 11 years old. This age group was
chosen because: (a) obesity rates are higher among children aged 6 to 11 years old than
among other age groups (Ogden, 2010); (b) physical activity levels in American children
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drop sharply between age 9 and age 15 (Bock & Miller, 2008); and (c) after age 8,
children can read with considerable ease and comprehend complex and compound
sentences (Rodgers, 2007). Thus, considering the prevalence of childhood obesity, levels
of physical activity and language development, children aged 8 to 11 years old were
chosen for this study. To gain a representative sample, cluster sampling (a process of
selecting specific sites/clusters and recruiting every individual at the selected
sites/clusters into the study) (Polit & Beck, 2004) was used to select 133 participants
from ten elementary schools with CISCC afterschool programs. The sample size of N =
133 was estimated using power analysis, based on recommended sample size for the
planned statistical method, SEM - path analysis. Inclusion criteria were: (1) 8 to 11 years
old; (2) can speak and read English; (3) absence of health problems that prevent
participation in physical activity; (4) willingness to assent to participate in the study; and
(5) ability to obtain signed parental consent. Input from CISCC program director and
teachers was used to help determine children’s eligibility to participate in the study based
on the inclusion criteria. Simple random sampling (a table of random numbers) was used
to select 50 children from the participating sample for the pretest-posttest study. The
sample size of 50 was estimated by the power analysis using the paired-samples t-test.
A total of 133 children, 59 girls and 74 boys, participated in this study with an
average age of 9.25 (SD = .93) years old. Six children, one in the pretest-posttest study,
could not complete the posttest surveys due to a health problem, injury or family
relocation to a different geographical area. About 20.3% of the children were Hispanics,
and 25.6% were African Americans. More than half of the families were married, with an
average of three children. Approximately 42.8% of the families had annual family
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income less than $30,000, and 64.6% had annual family income less than $50,000.
Twenty-four fathers (18%) and 20 (15%) mothers were unemployed. Approximately 50.3%
of the fathers and 42.9% of the mothers received a high school diploma or less, while
21.1% of the fathers and 21.8% of the mothers received some college education. Table 3
describes the demographic characteristics of all the participants (N = 133) and children
participating in the pretest-posttest study (n = 50). No significant demographic
differences were found between the two groups of children, indicating that the pretest
sample was representative to the total sample in this study.
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Table 3
Demographic Characteristics of Participants
Variable

Participants (N = 133)
N (%) or M (SD)

Subsample Participants (n = 50)
N (%) or M (SD)

p-value

Age

9.26 (.93)

9.28 (.90)

.874

Sex (Female)

59 (44.4%)

21 (42.0%)

.775

Ethnicity (Hispanic)

27 (20.3%)

11 (22.0%)

.801

Race
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White or Caucasian
Black or African
Asian/Pacific Island
Mixed-race
Other

68 (51.1%)
34 (25.6%)
2 (1.5%)
11 (8.3%)
10 (7.5%)

26 (52.0%)
8 (16.0%)
0
7 (14.0%)
4 (8.0%)

Number of Children

2.71 (1.42)

2.32 (1.00)

Parents’ Marital Status
Married/partnered
Separated/divorced/widowed
Single

76 (57.1%)
27 (20.3%)
30 (22.6%)

29 (58.0%)
7 (14.0%)
14 (28.0%)

Annual Family Income
≤ $19,999
$20,000-$29,999
$30,000-$49,999
≥ $50,000

37 (27.8%)
20 (15.0%)
29 (21.8%)
41 (30.8%)

13 (26.0%)
9 (18.0%)
11 (22.0%)
15 (30.0%)

.925

.080
.845

.999

Father Employment Status
Full Time
Part Time
No

78 (58.6%)
17 (12.8%)
24 (18.0%)

31 (62.0%)
5 (10.0%)
6 (12.0%)
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Mother Employment Status
Full Time
Part Time
No

87 (65.4%)
26 (19.5%)
20 (15.0%)

35 (70.0%)
11 (22.0%)
4 (8.0%)

Father Education Level
Less than high school graduate
High school graduate
Some college
Technical school or community college
Bachelor’s degree
Graduate or professional degree

20 (15.0%)
47 (35.3%)
28 (21.1%)
9 (6.8%)
11 (8.3%)
4 (3.0%)

5 (10.0%)
20 (40.0%)
12 (24.0%)
1 (2.0%)
3 (6.0%)
1 (2.0%)

Mother Education Level
Less than high school graduate
High school graduate
Some college
Technical school or community college
Bachelor’s degree
Graduate or professional degree

21 (15.8%)
36 (27.1%0
29 (21.8%0
17 (12.8%)
24 (18.0%)
6 (4.5%)

5 (10.0%)
14 (28.0%)
12 (24.0%)
7 (14.0%)
9 (18.0%)
3 (6.0%)

.315

.429

.802

.485

Variables and their Measurement
It is important to consider reading level when choosing questionnaires for use in
studies with children. Thus, only questionnaires developed for children were used in this
study. An investigator-developed demographic information questionnaire was used to
assess children’s demographic characteristics. This demographic questionnaire was
completed by parents/guardians, because children might not be able to answer some
questions in the questionnaire. BMI calculated using height and weight [(weight
kg)/(height m)2] obtained by the investigator was used to assess children’s obesity status.
To improve the accuracy of assessment of the outcome variable, physical activity,
two methods (self-report and objective) were used to assess children’s physical activity
levels. Self-report measurements are mostly used to assess physical activity due to low
cost, low burden, less time consumption, and ease of administration among large
numbers of children (Sallis, 1991). The reason for using pedometers to estimate objective
physical activity levels is that pedometers are inexpensive but valid electronic devices for
assessing physical activity levels among children (McNamara, Hudson, & Taylor, 2010).
Thus, both a self-report measure (Physical Activity Questionnaire for Older Children)
(Crocker et al., 1997) and an objective measure (step counts obtained by pedometers)
were used to more accurately assess physical activity levels among children and to
evaluate the convergent validity of self-report measurement in assessing children’s
physical activity levels.
The Physical Activity Self-Efficacy Scale (PASES) developed by Saunders and
colleagues (1997) was used to assess physical activity self-efficacy. The Physical
Activity Enjoyment Scale (PACES) developed by Moore and colleagues (2009) was used
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to assess physical activity enjoyment in this study. These two scales together were used
to assess predisposing factors of physical activity. The Parental Influence Scale (PAIS)
developed by Welk and colleagues (2003) was used to assess parental influence, the
reinforcing factor. A modified environment scale was used to assess environmental
determinants of physical activity, the enabling factor.
When evaluating the internal consistency of questionnaires, the common
recommendation from Nunnally and Bernstein (1994) that Cronbach’s alpha coefficient
of .70 indicates acceptable reliability was used. However, for scales with more than 10
items, the cutoff value of .80 was used, while the cutoff value of .50 was used for
subscales with 6 items or fewer, because alpha is positively affected by the number of
items (Cortina, 1993). Item-total correlation coefficient (Pearson r), was used to assess
reliability of the items on each scale, with a cutoff value of .30 indicating acceptable
reliability or stability (Nunnally & Bernstein, 1994).
Personal Demographics
An investigator-developed demographic information questionnaire (See Appendix
B), adapted from a prior version used in the feasibility study (Ling, 2012) which was
found to have good face validity, was used to collect demographic information. Variables
in the questionnaire include: (1) child’s age; (2) child’s sex; (3) child’s ethnicity; (4)
child’s race; (5) number of children in the family; (6) parent’s marital status; (7) annual
family income; (8) father’s employment status; (9) mother’s employment status; (10)
father’s education level; (11) mother’s education level, (12) mode of transportation from
home to school; (13) sedentary activities; and (14) screen-time minutes (TV/DVDs, video
games and computers). This instrument was completed by children’s parents or legal
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guardians, because children might not be able to accurately answer some questions on the
questionnaire.
Obesity (BMI)
BMI was calculated using height and weight [(weight kg)/(height m)2]. The U.S.
Preventive Services Task Force indicates that BMI is an acceptable and cost-effective
measure to screen for obesity among children aged 6 years and older (U.S. Preventive
Services Force, 2010). Thus, the age- and sex-specific percentile for BMI was used to
assess children’s obesity status (See Appendix C and D) (CDC, 2011a).
Outcome Variable
Physical activity. Pedometers have been shown to be a reliable and valid method
to assess physical activity levels among children (McNamara et al., 2010). No consistent
evidence of reactivity is identified in studies using pedometers to assess children’s
physical activity levels (Craig, Tudor-Locke, Cragg, & Cameron, 2010; Rowe, Mahar,
Raedeke, & Lore, 2004). In a study with children wearing pedometers for seven
consecutive days, 58% children returned the pedometers and data, 1% returned data but
not pedometers, 12% returned pedometers but not data, and 30% returned nothing (Craig
et al., 2010). Another study in 1,370 children reported a 44% compliance rate
(Eisenmann, Laurson, Wickel, Gentile, & Walsh, 2007). One study in 11,669 children
aged 5 to 19 children suggests that two days should be sufficient for determining average
daily steps for children (Craig et al., 2010). However, some researchers suggest using
seven consecutive days or at least one week day and one weekend day (Clemes & Biddle,
2013). No systematic bias is found for the day of the week selected to start recording
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pedometer steps (Craig et al., 2010). Evidence suggests that step counts less than 1,000 or
greater than 30,000 should be considered outliers (Rowe et al., 2004).
The Yamax SW-200 (Yamax Corp., Tokyo, Japan) is the most commonly used
pedometer to assess physical activity among children, and has been shown to have
moderate to high validity with Pearson correlation coefficients ranging from .39 to .99
with heart rate and oxygen consumption (McNamara et al., 2010; Sirard & Pate, 2001).
All children voluntarily participating in the study were asked to wear a pedometer for
seven consecutive days, and the average number of steps was used to describe their levels
of physical activity. A pedometer log (See Appendix E) was created for children to
record their steps each day. In the pedometer log, children were asked to write down the
number of steps indicated on the pedometer each day, and the time and date the number
was recorded with the help of investigator or parents/guardians. The pedometer log
included detailed instructions for parents/guardians to supervise or help their children to
correctly wear the pedometer, record the steps and then reset the pedometer to zero.
Evidence suggests that 13,000 steps/day for boys and 11,000 steps/day for girls provide a
reasonable estimation of attainment of 60 minutes of moderate- or vigorous-intensity
physical activity (Tudor-Locke et al., 2011), thus these cut points were used to assess the
percentage of children meeting daily physical activity recommendations in this sample.
A variety of self-report instruments have been developed to assess self-reported
physical activity levels among children. Considering the psychometric properties of the
PAQ-C in a number of studies among children of similar age, the PAQ-C (See Appendix
F) was selected for use in this study. The PAQ-C is a self-administered 7-day recall
measurement intended to assess general moderate- to vigorous-intensity physical activity
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among children aged 8 to 14 years old. It uses a five-point Likert scale with higher scores
indicating higher levels of physical activity (Crocker et al., 1997). This scale has been
shown to have high reliability and moderate validity when used with children aged 8 to
14 years old.
In 1997, Crocker and colleagues designed three studies to test the reliability of
this scale. The first study conducted in 215 children aged 9 to 15years old indicated that
the scale had strong internal consistency with Cronbach’s alpha coefficient of .82. The
second study conducted in 84 children aged 9 to 14 years old indicated that the scale had
acceptable test-retest reliability with correlation coefficient of .79. The third study in 200
children aged 8 to16 years old used the Generalizability theory to investigate reliability,
using the average of the three physical activity scores, which were collected in January,
April and October-November. Generalizability theory is an extension of the intraclass
reliability model. Similar to the Pearson Product moment correlation, the Generalizability
coefficient allows unlimited or repeated measures of an instrument to be used to assess
reliability. The Generalizability theory provides a framework to examine the extent to
which one can assume equivalence of a measurement process across one or more
dimensions (DeVellis, 2003). The Generalizability coefficient was .88 indicating that it
had acceptable reliability for assessing yearly physical activity in children (Crocker et al.,
1997).
Consistent evidence has demonstrated that the PAQ-C has not only strong
reliability, but also acceptable validity. Kowalski and colleagues (1997) conducted two
additional studies to examine the criterion related validity of this scale in children aged 813 years old. The first study in 89 children aged 8 to 13 years old indicated that the PAQ-
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C was moderately related to the activity rating (r = .63), the week summation of 24-hour
moderate to vigorous activity recall (r = .53), and the teacher’s rating of physical activity
(r = .45). The second study in 97 children indicated that the PAQ-C was significantly
correlated with the activity rating (r = .57), the Leisure Time Exercise Questionnaire (r
= .41), the Canadian home fitness test (r = .39), the seven-day recall interview (r = .46),
and the step test of fitness (r = .28) (Kowalski et al., 1997). Therefore, the PAQ-C has
strong reliability and acceptable validity.
To date, the PAQ-C has been broadly used in cross-sectional studies and
longitudinal studies to examine levels of physical activity among American children aged
6 to 14 years old (Ball, Marshall, & McCargar, 2003; MacKelvie, Petit, Khan, Beck, &
McKay, 2004). Evidence has supported the conclusion that this scale is a cost efficient
method for assessing general levels of physical activity among children aged 6 to 14
years old with strong psychometric properties. In the feasibility study among 24 children
aged 8 to 13 years old, the Cronbach’s alpha coefficient was .86 (Ling, 2012). Thus, the
PAQ-C was selected as the most appropriate tool to measure self-reported physical
activity levels in this study.
Predisposing Factors
Physical activity self-efficacy. The Physical Activity Self-Efficacy Scale
(PASES) (See Appendix G) is a self-administered 17-item measure used to assess
children’s confidence in overcoming barriers to physical activity. It is a dichotomous
scale (yes  code 1, or no – code 0) with higher score indicating higher physical activity
self-efficacy (Saunders et al., 1997). The SCT provides the theoretical foundations for the
development of the PASES. The original PASES (five-point Likert) went through 4 pilot
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tests in fifth grade students, and three modifications  selecting age-appropriate words,
simplifying rating scales (from 5-point to 2-point), and putting instruments in a visually
more appealing format (larger print, wider margins)  were made to obtain the final
version of the instrument. When administering this questionnaire, the investigator reads
the instructions and questions to a group of children using a standardized script. The
script includes the definition for physical activity “any active games, active play, sports,
or exercise that gets you moving, breathing faster, and your heart beating faster”, and
poster pictures displaying the range of possible physical activities (Saunders et al., 1997,
p. 242).
Principal component factor analysis with Varimax rotation suggested a threefactor structure for the scale  support seeking, barriers, and positive alternatives, with
all items loading above .35 (Saunders et al., 1997). Moreover, the Cronbach’s alpha
coefficients were .71, .71 and .54 for support seeking, barriers, and positive alternatives
respectively. Similarly, the test-retest reliability coefficients were .76, .82, and .61
respectively, which indicate that this scale has adequate reliability. Scores on this scale
have been reported to be significantly correlated with intention to engage in physical
activity, and the barriers subscale was significantly correlated with afterschool physical
activity levels (Saunders et al., 1997). The results from both factor analysis and
correlations support the conclusion that this scale has adequate construct validity. A
national study in 2,257 children aged 9-13 years old reported that the scale had
Cronbach’s alpha coefficient of .68, and test-retest stability coefficient of .75 (Huhman et
al., 2007). Additionally, the scale has been supported to be a reliable and valid scale
broadly used in children aged 8 to13 years old (Huhman et al., 2007; Thompson et al.,
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2008). In the feasibility study among 24 children aged 8 to 13 years old, the Cronbach’s
alpha coefficient was .79 (Ling, 2012). Thus, the PASES has strong psychometric
properties and can be used to assess physical activity self-efficacy in children aged 8
to11years old.
The PASES was chosen for this study because other physical activity self-efficacy
scales do not distinguish adult physical activity self-efficacy from children physical
activity self-efficacy (Bartholomew, Jowers, Loukas, & Allua, 2005; Kroll, Kehn, Ho, &
Groah, 2007). In the PASES, while most barrier items were generated from adult physical
activity self-efficacy, the positive alternatives items were specific to children (Saunders et
al., 1997). Additionally, this scale is suitable and understandable for children aged 8 to
11years old.
Physical activity enjoyment. The Physical Activity Enjoyment Scale (PACES)
(See Appendix H) is a 16-item self-report instrument that assesses children’s positive
affect associated with participation in physical activity. It is a five-point Likert scale (1 =
disagree a lot, to 5 = agree a lot) with higher score indicating higher levels of physical
activity enjoyment (Moore et al., 2009). This scale was first developed by Kendzierski
and colleagues in 1991 to assess adults’ extent of enjoyment in doing any given physical
activity. The original PACES included 18 items containing bipolar statements (I enjoy it
vs. I hate it) with 7 points between each statement; Cronbach’s alpha coefficient was .93
in college students. A study among 279 adolescents aged 12 to17 years old indicated that
the original 18-item scale had adequate internal consistency but inadequate construct
validity (Crocker, Bouffard, & Gessaroli, 1995).
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In 2001, Motl and colleagues modified the PACES to be used among adolescent
girls. They deleted two items  Item 5 (I am very absorbed in the activity), and Item 11
(It’s very invigorating) because their content were not relevant to physical activity
enjoyment in adolescents or were redundant. Moreover, the scale was changed from a 7point bipolar scale to a more easily understood 5-point Likert scale. Later, a study was
designed to assess the validity of the revised PACES in 1,797 adolescent girls. The
results indicated that the 16-item PACES was a valid measurement to assess physical
activity enjoyment among adolescent girls (Motl et al., 2001).
In 2009, Moore and colleagues tested the 16-item PACES in 564 third grade
children. After obtaining students’ feedback of their understanding of the items, the word
“depressed” was changed to “sad”. Results indicated that the scale had acceptable
internal consistency with Cronbach’s alpha coefficient of .87 for the entire sample, .87
for European American boys, .88 for European American girls, .86 for African American
boys, and .87 for African American girls. Moreover, physical activity enjoyment was
significantly correlated with task goal orientation, perceptions of athletic competence,
physical appearance, and self-reported physical activity indicating this scale had
acceptable convergent validity. When analyzing the scale, items 1, 4, 6, 8, 9, 10, 11, 14,
and 15 were reverse coded as 5 to 1 (Moore et al., 2009). In the feasibility study among
24 children aged 8 to 13 years old, the Cronbach’s alpha coefficient was .89 (Ling, 2012).
Thus, the 16-item PACES appears to be a reliable and valid scale used in children to
assess physical activity enjoyment.
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Reinforcing Factor
Parental influence. The Parental Influence Scale (PAIS) (See Appendix I) is an
18-item scale with four components  parental involvement, parental facilitation, parental
encouragement and parental role modeling. The PAIS uses a 4-point Likert scale with
higher score indicating higher levels of parental influence. Items for parental role
modeling and parental encouragement were generated from two previously validated
scales (Brustad, 1993). Items for parental facilitation and parental involvement were
created by Welk and colleagues (Welk et al., 2003).
Originally, Welk thought the PAIS scale should load into four factors, but the
exploratory factor analysis suggested a two-factor structure with parental encouragement,
involvement, and facilitation becoming one factor  parental support. A study in 994
children in grades 3-6 found that this scale had acceptable internal consistency with
Cronbach’s alpha coefficient of .81. Scores on the scale accounted for 19.7%, 25.8%, and
28.3% of the variance in self-reported physical activity, attraction to physical activity,
and perception of competence respectively suggesting the scale had acceptable predictive
validity. Similarly, after splitting the subjects into two groups based on the levels of
parental influence, the significant effect of parental influence on self-reported physical
activity, attraction to physical activity, and perception of competence indicated that the
scale had acceptable discriminant validity (Welk et al., 2003).
The bipolar statements (Some kids have parents who get a lot of exercise vs.
Other kids have parents who don’t get a lot of exercise) in the PAIS were found to be
confusing for children, thus, the bipolar statements were changed to unipolar statements
following King’s suggestion (2008). In one study among 176 adolescents using unipolar
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statements, the Cronbach’s alpha was .79 for the parental role modeling subscale, and .89
for the parental support subscale, indicating acceptable internal consistency (King,
Ogletree, Fetro, Brown, & Partridge, 2011). When analyzing the scale, four items (some
kids have parents that don’t help them much with sports, don’t take them to parks or
playgrounds, don’t encourage them to play outside, or don’t like to do much physical
activity) were reverse coded as 4 to 1. In the feasibility study among 24 children aged 8
to 13-years old, the Cronbach’s alpha coefficient was .89 for the modified scale with
unipolar statements (Ling, 2012). In all, the modified PAIS has acceptable reliability to
assess parental influence among children and was used to operationalize parental
influence for the study.
Enabling Factor
Environment. No existing scale developed to assess school environment for
children was identified, thus the Measure of Perceived Environment was modified,
adding one item to measure school environment. The modified Measure of Perceived
Environment was used to assess the environmental determinants of physical activity
among children in this study (See Appendix J).
The original four item Measure of Perceived Environment was developed by Motl
and colleagues (2005) among 633 adolescent girls. Results from confirmatory factor
analysis confirmed a two-factor structure  equipment accessibility (Item 1 and 2) and
neighborhood safety (Item 3 and 4). The two-factor structure was consistent across time
and between African and Caucasian girls (Motl et al., 2005). Another study in 49 children
and adolescents aged 11 to 14 years old found that the neighborhood safety subscale had
a Cronbach’s alpha coefficient of .62 (King, 2008). Moreover, items 1, 2, 3 and 4 had
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significant test-retest correlation coefficients of .35, .64, .43 and .42, respectively,
indicating acceptable stability over time (King, 2008).
The equipment accessibility subscale included only home and community
components. For children who spend most of their time in school, school environment is
an indispensable component that influences children’s physical activity levels. Thus, Item
5 ‘At school, there are playgrounds, gym spaces, and enough supplies (like balls, hula
hoops) to use for physical activity’ was added to address the school component of
equipment accessibility. The four original items and the additional item added to address
the school environment were scored from 1 (Disagree a lot) to 5 (Agree a lot); item 4
was reverse scored before analysis. The total score of the five items was used to describe
the perceived environment with higher score indicating a more supportive environment
for physical activity.
Summary
The above instruments were carefully chosen and evaluated to determine their
appropriateness for use with children aged 8 to 11 years old in this study, and their
reliability and validity to accurately and consistently measure the study variables. Study
variables and instruments used in this study are summarized in Table 4.
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Table 4
Instruments to Operationalize Variables
Variable
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Instrument

Number of Items

Dimensionality

Psychometric Properties

Personal
Demographics

Demographic information
questionnaire

14

__

__

Obesity (BMI)

[(weight kg)/(height m)2]

2

__

__

Physical Activity

Pedometer Logs
PAQ-C

9

One






Cronbach’s alpha: .82
Test-retest reliability: .79
Convergent validity: r = .28-.63
Cronbach’s alpha (feasibility): .86

Physical Activity
Self-efficacy

PASES

17

Three





Cronbach’s alpha: .68
Test-retest reliability: .75
Cronbach’s alpha (feasibility): .79

Physical Activity
Enjoyment

PACES

16

One




Cronbach’s alpha: .86-.88
Cronbach’s alpha (feasibility): .89

Parental Influence

PAIS

18

Two




Cronbach’s alpha: .79-.89
Cronbach’s alpha (feasibility): .89

Modified Measure of
Perceived Environment

5

Two

Environment

Motl’s Perceived Environment Scale
 Cronbach’s alpha: .62
 Test-retest reliability: r = .35-.64

Data Collection
Before data collection, approval from the University Institutional Review Board
(IRB) was obtained. Subsequently, the investigator visited the selected ten elementary
schools (two schools at a time) with afterschool programs to explain the study purposes
and procedures from August 2013 to October 2013. All eligible children were assigned a
discreet identifier, a number which was only used to match children’s information on the
demographic questionnaire, pedometer logs, and self-reported surveys. A total of 146
eligible children received a recruitment folder containing a letter describing the voluntary
nature of the research study, a demographic information questionnaire, and the informed
consent document approved by the University IRB. Children were instructed to take the
folder home to their parents or legal guardians to review. A telephone number and an
email address for the investigator were provided so that parents or legal guardians had an
opportunity to discuss the study if desired. The recruitment folders were returned by the
children to their teacher or program director and held for the research staff, or given
directly to the research staff in the data collection setting. Teachers or program directors
were asked to remind children to bring the recruitment folder back. In addition, the study
investigator talked with each parent or legal guardian about this study when they picked
up their children from the afterschool programs. After one week, children who had not
returned a recruitment folder were provided with a second recruitment folder, containing
the same documents, which were sent home for parents or legal guardians to review. If no
consent was obtained one week after the second recruitment folder was distributed, the
parent/child was considered a non-responder and that child was not enrolled in the study.
Six eligible children (3 girls and 3 boys) did not participate in this study due to lack of
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parental consent. To increase the likelihood that children would return the consent form
and demographic instrument, all children who brought back the informed consent form,
regardless of parents/guardians agreement, were included in a drawing for a basketball.
After obtaining the informed consent from parents/guardians, the investigator
explained all study procedures to children, and the assent form approved by the
University IRB was obtained from children. If a child did not assent to participate in the
study, then data was not collected from him/her. Seven children (5 girls and 2 boys) did
not assent to participate in this study due to lack of fun, “challenge of wearing
pedometers”, or did not want to complete the surveys. After obtaining the informed
consent from parents/guardians and the assent from children, the investigator measured
all children’s height and weight one at a time, in a private room/place after school, and
recorded the information in both the pedometer logs (one for investigator and one for
child) to maintain information. The reason for measuring children’s weight and height
directly, rather than using parents’ reports of height and weight was that in the feasibility
study the majority of parents did not know their child’s height and weight (Ling, 2012).
The processes for measuring height and weight, as described below, were standardized
according to the guidelines published by the CDC for measuring a child’s height and
weight at home (CDC, 2011d).
Children’s height was measured by the investigator, to the nearest tenth of a
centimeter using the Seca 213 Portable Stadiometer (Seca North America, CA, USA)
(CDC, 2011d). When measuring a child’s height, the child was asked to remove his/her
shoes, and stand with feet together, flat on the floor, with the child’s head, shoulders,
buttocks and heels touching the Stadiometer, with the flat headpiece forming a right angle
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with the wall and firmly touching the crown of the child’s head. Then the investigator
recorded the child’s height to the nearest .10 centimeter on the two pedometer logs (CDC,
2011d). Weight was assessed to the nearest tenth of a kilogram using the Tanita HD-351
Scale (Tanita Corp., Illinois, USA). When measuring a child’s weight, the child was
asked to remove his/her shoes and heavy clothes such as jackets or sweaters, and place
both feet flat on the center of the scale with hands placed over his/her belly button. Then
the investigator recorded the child’s weight to the nearest .10 kilograms on the two
pedometer logs (CDC, 2011d).
After measuring a child’s height and weight, the investigator distributed the
pedometers and pedometer logs to him/her, and reviewed detailed instructions with the
child. Each child was then asked to attach the pedometer to the waistband of his/her
clothing in the morning from Day 1 to Day 7, and was instructed to keep the pedometer
dry and leave the pedometer turned on until he/she went to bed. To improve the
compliance rate, every school day afternoon, the investigator visited the afterschool
programs to help children record the step counts on two pedometer logs, reset pedometers
to zero after recording steps, and remind children to wear the pedometers if they had
forgotten. On the weekend, children recorded the step counts on the pedometer logs with
the help of their parents/guardians. Seven days later, children were asked to return the
pedometers and pedometer logs to the investigator or school staffs on Day 8 or the next
school day.
After obtaining pedometers and pedometer logs, children were asked to complete
the posttest surveys in a private room/place, with the investigator sitting with each child
reading the questions aloud to ensure the children understand the items on each
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questionnaire. Finally, the investigator checked the questionnaires for missing data. Some
children had difficulty in understanding some types of physical activity, thus a small card
with a picture describing the type of physical activity, developed in the feasibility study
(Ling, 2012), was shown to children to help them understand. Due to parents’ schedules,
some children were not able to finish the survey in a single session; a second appointment
was scheduled with the child after school to finish the remainder of the questions if
needed. For children who completed the whole study, a further incentive gift (a
playground ball) was awarded.
In addition to the above procedures, the 50 randomly selected children
participating in the pretest-posttest study were asked to complete the pretest surveys
assessing physical activity self-efficacy, physical activity enjoyment, parental influence
and environment on the day they signed the assent and before they received pedometers.
Children completed the pretest surveys in a private room/place, with the investigator
sitting with each child reading the questions to ensure that children understand the items
on each questionnaire. Finally, the investigator checked the questionnaires for missing
data. Once data collection was over, the investigator placed all the informed consent
forms in a box, drew five forms from the box, and awarded basketballs as prizes to the
five winners.
Data Analysis
Data Cleaning
Several strategies were used to identify erroneous observations. First, all entry
cells were programmed to detect inconsistent and invalid data including invalid codes and
values that were out of range. After data entry, summary (frequency table, minimum and
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maximum values) and graphic techniques (boxplot, histogram, and scatterplot) were used
to identify problem values and outliers. All the identified problem values and outliers
were checked with the original forms.
Instruments Coding
Coding of the instrument PAQ-C followed the published instructions for scoring
that instrument (See Table 5) (Kowalski, Crocker, & Donen, 2004). The mean score of
the pedometer steps was used to describe children’s objective physical activity levels, and
the total score of the PAQ-C was used to describe the self-reported physical activity
levels, with a score of 1 indicating low levels of physical activity, whereas a score of 5
indicating high levels of physical activity (Kowalski et al., 2004).
Table 5
Steps for Coding the PAQ-C
Items

Coding Methods

Item 1




Code “no” to 1, and “7 times or more” to 5.
Take the mean of all activities to form a composite score.

Items 2 to 8



Code the answers for each item from 1 to 5.

Item 9




Code “none” to 1, and “very often” to 5.
Take the mean of all days of the week to form a composite score.

Total Score



Take the mean of the above 9 items.

For the PASES, items 1, 2, 5, 7, 8, 9 and 12 describe the support seeking
component; items 6, 10, 13 and 14 describe the barriers component; and items 3, 4, 11,
15, 16 and 17 describe the positive alternatives component. The total score for each
component was calculated and the total score for the 17 items was used to describe
physical activity self-efficacy. The total score of the 16 stems of the PACES was used to
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describe physical activity enjoyment. For the PAIS, items 1, 4, 11, 13, 15 and 17 describe
parental role modeling component, while the rest of items describe parental support
component. The total score of the scale was calculated to describe perceived parental
influence. Moreover, total score for the five items of the modified environment scale was
used to describe environmental determinants of physical activity.
Reliability and Validity Checks
The Cronbach's alpha technique and item-total correlation coefficients were
utilized to assess the internal consistency reliability of the PASES, PACES, PAIS,
environment scale and PAQ-C among children. In addition, intraclass correlation
coefficient (ICC) was estimated by a two-way mixed model (people effect is random, and
time effect is fixed) with type consistency (systemic differences between two tests are
considered irrelevant)  ICC (2, 2) model (McGraw & Wong, 1996; Weir, 2005)  to
assess the test-retest reliability of the PASES, PACES, PAIS and environment scale if
wearing pedometers did not have significant influence on the hypothesized determinants
of physical activity. Usually, a scale with ICC < .40 has poor reliability, a scale with .40
≤ ICC < .75 has fair to good reliability, and a scale with ICC ≥ .75 has excellent
reliability (Zaki, Bulgiba, Nordin, & Azina-Ismail, 2013). The Pearson correlation
coefficient between the score of the PAQ-C and pedometer steps was used to assess the
convergent validity of the PAQ-C. Confirmatory factor analysis was used to assess the
construct validity of the PASES, PACES and PAIS. Additionally, exploratory factor
analysis was used to explore the factorial structure of the environment scale.
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Assumptions of Structural Equation Modeling
To use structural equation modeling (SEM), four assumptions need to hold: (1)
absence of univariate and multivariate outliers; (2) multivariate normality: all the
variables (self-efficacy, enjoyment, parental influence, environment and physical activity)
follow normal distribution with respect to each other; (3) the relationships among
variables are linear; and (4) absence of multicollinearity or singularity: the variables are
very high correlated (r > .70, multicollinearity), or the variables are redundant
(singularity) (Tabachnick & Fidell, 2007).
Outliers. Univariate outliers are cases with an extreme value on one variable,
while multivariate outliers are cases with an unusual combination of scores on two or
more variables. To find univariate outliers, frequency table was used for categorical
variables, while histograms and box plots were used for continuous variables. No
univariate outlier was identified for the data. Multivariate outliers were identified by
examining Mahalanobis distance, Cook’s distance, and leverage values for each
individual. Mahalanobis distance was evaluated as x2 with degree of freedom equal to the
number of variables (in this study, df = 5) in the analysis. If a participant has a
Mahalanobis distance greater than x2(5) = 20.515, then he/she is considered as a
multivariate outlier. A conventional cut off point for Cook’s distance is 4/n, where n is
the number of observations; while a cut off value for leverage is 2p/n, where p is the
number of parameters. In this study, a participant was considered as a multivariate outlier
when he/she had Mahalanobis distance > 20.515, Cook’s distance > 4/n = .03, and
leverage value > 2p/n = .19 (Tabachnick & Fidell, 2007). Although two cases had
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Mahalanobis distance greater than 20.515, their Cook’s D and leverage values were less
than the cut off points. In other words, no influencing outlier was identified from the data.
Multivariate normality. Multivariate normality was evaluated using Mardia’s
test for multivariate normality. For the self-reported physical activity models, the
Mardia’s multivariate Kurtosis ranged from 7.58 to 9.78, suggesting absence of
multivariate kurtosis (Gao, Mokhtarian, & Johnston, 2008). For the pedometer steps
models, Mardia’s multivariate Kurtosis ranged from 6.84 to 8.52, suggesting absence of
multivariate kurtosis. In addition, univariate indices of skewness and kurtosis were
examined using SPSS FREQUENCIES to determine if the absolute value of skewness
was greater than 2.0, or the kurtosis absolute value was greater than 7.0 (West, Finch, &
Curran, 1995). Skewness can affect the means of the tests, while kurtosis can affect the
variance and covariance of the tests. All the variables’ skewness and kurtosis absolute
values were less than 1.0 in this study.
Linearity. Bivariate scatterplots were used to evaluate the relationship between
one independent variable and dependent variable. If the scatterplot is oval-shaped, then
the assumption of linearity holds (Tabachnick & Fidell, 2007). If the scatterplot is not
oval-shaped, then variable transformation (such as square root, logarithm or inverse) will
be used. All the scatterplots between each two variables in this study were oval-shaped or
very close to oval-shaped, indicating linear relationship between each two variables.
Multicollinearity and singularity. Multicollinearity occurs when variables are
strongly correlated (r > .70). The correlation matrix was used to evaluate
multicollinearity (Tabachnick & Fidell, 2007). Singularity occurs when variables are
redundant, that is, one variable is a combination of two or more of the other variables.
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Moreover, tolerance values for each independent variable were used to detect
multicollinearity. Tolerance is the variance of one independent variable that is not
explained by other independent variables. In the matrix Table 13, all the correlation
coefficients between each two hypothesized determinants were less than .70, and the
tolerance values for all the independent variables were greater than .10 ranging from .58
to .77. Thus, the multicollinearity is not a problem for this data set.
Preliminary Analysis
Descriptive statistics were utilized to describe the demographic characteristics of
children. Continuous variables were described by Mean (M) and Standard Deviation (SD),
while categorical variables were described by frequency and percentage. In addition,
descriptive statistics (M and SD) were used to describe the data on physical activity selfefficacy using the PASES, physical activity enjoyment using the PACES, perceived
parental influence using the PAIS, environment using the environment scale, and
physical activity levels using the PAQ-C and pedometer steps among children aged 8 to
11 years old.
When the demographic variable was categorical, chi-square test was used to test
the influence of demographics on obesity status. Furthermore, a logistic regression model
was applied to assess the influence of physical activity and sedentary behavior on obesity
status (overweight/obesity = 1, or non-overweight = 0) after controlling for other
demographics. Two-sample independent t-test was utilized to test sex differences on
physical activity self-efficacy, physical activity enjoyment, parental influence,
environment and physical activity, while simple linear regression was used to explore the
influence of age and children number on physical activity self-efficacy, physical activity
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enjoyment, parental influence, environment and physical activity. A linear regression was
conducted with dependent variable PAQ-C score and independent variable pedometer
steps. Moreover, a scatterplot was drawn to see what cases are outliers.
One-way ANOVA was applied to test other demographic differences on physical
activity self-efficacy, physical activity enjoyment, parental influence, environment and
physical activity. If significance (p < .05) was identified from the ANOVA test, then
different contrast tests were applied based on group sample sizes and variance: (1) R-EG-W-Q or Tukey post-hoc test was used when groups had equal sample size and
homogenous variance; (2) Gabriel’s post-hoc test was used when group sample sizes
were slightly different; (3) Hochberg’s GT2 post-hoc test was used when group sample
sizes were very different; and (4) Games-Howell post-hoc test was used when the
assumption of homogeneity of variance was violated. Cochran-MantelHaenszel Statistics was used when the dependent variables were the percentage of
children meeting daily physical activity recommendations. Paired-samples t-test was used
to assess the differences of physical activity self-efficacy, physical activity enjoyment,
parental influence and environment between pretest and posttest among the randomly
selected 50 children.
Primary Analysis
Structural Equation Modeling (SEM) – path analysis, which is used to test
relationships among manifest variables (directly measured), was used to develop the
paths among physical activity self-efficacy, physical activity enjoyment, parental
influence, environment and physical activity (one model with self-reported physical
activity levels, and a second model with pedometer steps) using the SAS 9.3 for
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Windows (SAS Institute Inc, Cary, NC). For the self-reported physical activity models,
maximum likelihood (MI) method was used because six children did not complete any of
the posttest surveys, while full information maximum likelihood (FIML) method was
used for the pedometer steps models because three out of the six children wore
pedometers for at least one day. A variety of global fit indices were used to evaluate
model fit, including indices of absolute fit, indices of incremental/relative fit, and indices
of fit with a penalty function for lack of parsimony. Absolute fit indices, including chisquare statistic, Goodness-of-Fit Index (GFI), Root Mean Square Residual (RMSR),
standardized RMSR (SRMSR), and Hoelter Critical N index (CN), determine how well a
proposed model fits the observed covariance matrix. Model parsimony indices, including
Adjusted Goodness-of-Fit Index (AGFI), Parsimony Goodness-of-Fit Index (PGFI), Root
Mean Square Error of Approximation (RMSEA), Akaike’s Information Criterion (AIC),
Schwarz Bayesian Criterion (SBC), Parsimony Normal Fit Index (PNFI), and Parsimony
Comparative Fit Index (PCFI), evaluate model fit by taking into account the complexity
of a model. Incremental fit indices, including Normal Fit Index (NFI), Tucker-Lewis
Index (TLI), Relative Noncentrality Index (RNI), and Comparative Fit Index (CFI),
evaluate the proportionate improvement in fit by comparing a proposed model with a
baseline model.
In this study, the minimum discrepancy (CMIN), is most commonly expressed as
a chi-square statistic x2, Hoelter CN, GFI and SRMSR were used to assess the absolute fit.
The CMIN follows a chi-square distribution with degree of freedom equaling to
(

)

, where p is the number of observed variables, and t is the number of

parameters to be estimated (Hu & Bentler, 1999). A model with chi-square test non102

significant (p > .05) indicates absolute fit. Hoelter CN estimates the largest sample size
that can make chi-square model fit statistic still non-significant. The CN value should be
at least 200 indicating that the study has adequate sample size for using the SEM (Hoelter,
1983). The GFI is a measure of the relative amount of variance and covariance in the
study sample that is jointed explained by the population variance-covariance matrix. A
model with a GFI value greater than .90 indicates goodness of fit. The SRMSR is the
average residual value between variance-covariance matrix of the hypothesized model
and variance-covariance matrix of the sample data. A model with a SRMSR value less
than .05 has good fit (Hu & Bentler, 1999).
The AGFI and RMSEA were used to assess model parsimony. Compared to GFI,
AGFI takes into account of the number of parameters into the assessment of model fit. A
model with an AGFI value greater than .95 has good fit. The RMSEA value is related to
the residual of a model with smaller value indicating better model fit. A model with an
RMSEA value of .06 or less, and p-value for closeness of fit test greater than .05 has
good fit (Hu & Bentler, 1999). The CFI was used to evaluate incremental fit. The
difference between NFI and CFI is that CFI takes sample size into account. A model with
a CFI value greater than .95 has good model fit (Hu & Bentler, 1999).
If the model fit was acceptable, then the parameters were estimated. The ratio of
each parameter estimate to its standard error follows z distribution and is significant at α
level of .05 when the ratio is greater than 1.96. There are two kinds of parameter
estimates: unstandardized parameter estimates and standardized parameter estimates.
Unstandardized parameter estimates retain scaling information of variables and can only
be interpreted with reference to the scales of the variables; while standardized parameter
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estimates, corresponding to effect-size estimates, remove scaling information and can be
used for informal comparisons among parameters of the model (Suhr, 2012). A
standardized path coefficient with absolute value less than .10 indicates a small effect,
value ranging from .10 to .50 indicates a medium effect, while value greater than .50
indicates a large effect (Suhr, 2012).
If unacceptable model fit was found, then the model was modified to get a betterfit model. Non-significant paths were eliminated one at a time based on their path
coefficients, that is, non-significant path with the smallest path coefficient was eliminated
first. Model fit was evaluated for all the models, and Akaike’s Information Criterion
(AIC) and Expected Cross-Validation Index (ECVI) were used to compare the goodnessof-fit among self-reported physical activity models, while AIC and Schwarz Bayesian
Criterion (SBC) were used to compare model fit for pedometer steps models. The AIC
can assess the relative information lost when using a model to estimate reality. The ECVI
measures the discrepancy between the fitted covariance matrix in the hypothesized path
model and the expected covariance matrix that will be obtained in another sample of
equivalent size from the same population (Byrne, 2010). The SBC is very similar to AIC.
When using FIML method, SBC takes the consideration of incomplete observations. The
model with the smallest AIC value, ECVI value or SBC value has better fit, and was
selected as the final model.
Protection of Human Subjects
One hundred and thirty-three children aged 8 to 11 years old were recruited from
ten elementary schools with afterschool programs in the CISCC. Prior to data collection,
IRB approval was obtained, then the parental informed consent form approved by the
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University IRB was distributed to children’s parents or legal guardians through children.
The parental informed consent form outlined study purposes, procedures, nature of the
commitment, participation selection, potential risks and benefits, participation gifts
(basketball prize and a playground ball), confidentiality pledge, voluntary consent, right
to withdraw at any time, and the contact information of the investigators. After receiving
the signed consent forms from parents/guardians, the investigator explained to the
selected children the study purposes, procedures, risks and benefits, and informed them
of their right to decline to participate and to withdraw from the study at any time. Then
the assent form approved by the University IRB was obtained from the children. The
investigator was available physically or by telephone/email to answer all questions the
children or parents/guardians might ask prior to the children’s participation and at any
time during the course of the study.
All parents or legal guardians were asked to complete an instrument assessing
demographic characteristics. Children willing to participate in this study were asked to
wear pedometers for seven consecutive days, record pedometer steps in the pedometer
logs daily with the help of investigator or parents/guardians, and complete a series of
standardized posttest surveys assessing physical activity self-efficacy, physical activity
enjoyment, parental influence, environment and self-reported physical activity levels on
the eighth day. The 50 randomly selected children completed the pretest surveys
assessing physical activity self-efficacy, physical activity enjoyment, parental influence
and environment before they received pedometers. All the data were collected solely for
research purposes and results were reported only in aggregate form.

105

The study participants for this study were children, so special consideration was
taken to protect children’s rights and confidentiality, as well as to minimize the potential
for emotional distress. Children aged 8 to 11 years old share a number of unique
developmental characteristics: (1) children below 13 years old do not have the
competence to give informed consent; and (2) children above 7 years old have the
competence and the right to give assent (Polit & Beck, 2004). Therefore, assent was
obtained from children and informed consent was obtained from their parents or legal
guardians. To minimize the potential for embarrassment, harassment or other emotional
distress, children’s weight and height were measured one at a time in a private
room/place, and children completed the surveys one at a time with the help of
investigator in a private room/place separating from other children.
Every precaution was taken to minimize risks of participating in this study by
ensuring children’s safety in the data collection setting and their right to privacy.
Confidentiality for all children was ensured by identifying data collection instruments
using discreet identifiers instead of children’s names, and keeping all questionnaires in
locked cabinets and recording data only in restricted secure university computer account.
The study placed children at minimal risks considering the study design, data collection
method and study settings.
Summary
This study aimed to explore the psychosocial and environmental determinants of
physical activity through examining the relationships among physical activity selfefficacy, physical activity enjoyment, parental influence, environment and physical
activity among children aged 8 to 11 years old. To clarify the relationships among
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physical activity self-efficacy, physical activity enjoyment, parental influence,
environment and physical activity, a cross-sectional correlational research methodology
was used. Moreover, a pretest-posttest study was conducted among a subsample of 50
randomly selected children to examine the influence of wearing pedometers on children’s
physical activity self-efficacy, physical activity enjoyment, parental influence and
environment. Based on the statistical method of SEM used in this study, a total of 133
children were recruited from ten elementary schools with afterschool programs to obtain
a representative and diverse sample.
The study investigator measured each child’s height and weight in school. All the
children received a pedometer for wearing for seven consecutive days, and were asked to
complete the posttest surveys measuring physical activity, physical activity self-efficacy,
physical activity enjoyment, parental influence and environment after they returned the
pedometers and pedometer logs. The 50 randomly selected children needed to complete
the pretest surveys measuring their physical activity self-efficacy, physical activity
enjoyment, parental influence and environment before receiving a pedometer.
One hundred and thirty-three children out of 146 eligible children participated in
this study, and six children (one in the pretest-posttest study) did not complete the
posttest surveys due to a health problem, injury or family relocation to a different
geographical area. Among the 133 children, approximately 20% were Hispanics, 26%
were African Americans, and 57% were living with their both parents. About 18% of the
fathers and 15% of the mothers were unemployed, and 50% fathers and 43% mothers did
not receive any college education.
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CHAPTER IV
RESULTS
This chapter presents the research findings from this study. First, scale
construction and psychometric characteristics for all the self-reported scales are evaluated,
followed by the compliance rate, reliability and reactivity of wearing pedometers among
elementary school children attending afterschool programs. Then the descriptions of
sedentary activity, physical activity, obesity status, the hypothesized determinants of
physical activity, and their relationships with demographics are presented. Finally, the
major findings related to the four research questions are addressed respectively. A
summary of the key findings is provided at the end.
Scale Construction and Psychometric Characteristics
Reliability
Internal consistency reliability. The Cronbach’s alpha coefficient was .88 for
the 9-item PAQ-C, with item-total correlation coefficients ranging from .10 to .47. The
items with small item-total correlation coefficients (< .20) were ‘question 1:
Rowing/canoeing’, and ‘question 3: what did you do most of the time at recess?’ This
may be due to that some children in this study complained that they did not have recess
during school time, and they had few opportunities for rowing/canoeing considering their
parents’ interests, socioeconomic levels and employment status. The Cronbach’s alpha
coefficient was .73 for the 17-item PASES, with item-total correlation coefficients
ranging from .15 to .48. The items with small item-total correlation coefficients (< .20)
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were ‘question 1: I think I can be physically active most days after school’, and ‘question
3: I think I can be physically active after school even if I could watch TV or play video
games instead’. The 16-item PACES had Cronbach’s alpha coefficient of .83, with itemtotal correlation coefficients ranging from .25 to .65, indicating good internal consistency
reliability. The Cronbach’s alpha coefficient was .82 for the 18-item PAIS, with itemtotal correlation coefficients ranging from .15 to .61. The only item with small item-total
correlation coefficient (< .20) was ‘My parents tell me not to watch too much TV’. This
may be explained by the non-significant correlation between physical activity and screenviewing time. In other words, parental discouragement of watching TV may be not
strongly correlated with parental influence on physical activity. On the contrary, parents
usually hesitate to discourage children from watching TV because this may cause conflict
in the home due to children’s anger at this rule or increased bickering among siblings, or
because TV is considered offering entertainment, free babysitting and educational
opportunities for children (Evans, Jordan, & Horner, 2011). The modified environment
scale had a Cronbach’s alpha coefficient of .51, with item-total correlation coefficients
ranging from .17 to .37, which is acceptable considering its small number of items. The
only item with small item-total correlation coefficient (< .20) was ‘It is difficult to walk
or jog in my neighborhood because of things like traffic, no sidewalks, dogs, or gangs’.
During data collection, the investigator found that children had difficulty understanding
the negatively worded questions.
Test-retest reliability. Because no significant differences were found on the
determinants of physical activity after one-week wearing pedometers, a two factor mixed
effects model with type consistency was used to calculate intraclass correlation
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coefficient (ICC) to evaluate the test-retest reliability of the PASES, PACES, PAIS and
modified environment scale. The ICC for the PASES was .83 with 95% confidence
interval (CI) [.69, .90]; the ICC for the PACES was .63 with 95% CI [.35, .79]; the ICC
for the PAIS was .84 with 95% CI [.69, .90]; and the ICC for the modified environment
scale was .61 with 95% CI [.30, .78]. Therefore, all the self-reported scales have
acceptable test-retest reliability (Zaki et al., 2013).
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Table 6
Psychometric Properties of the Major Study Variables (N = 133)
Reliability
Scale

Range

SD

Cronbach’s α

ICC

Potential

Actual

Skewness

Kurtosis

PAQ-C

3.20

.70

.88

__

1-5

1.32-4.64

-.36

-.08

PACES

66.87

9.28

.83

.63

16-80

40-80

-.71

.23

PASES

13.45

2.95

.73

.83

0-17

2-17

-.91

.84

Support Seeking

6.00

1.33

.61

.73

0-7

0-7

-1.43

2.32

Barriers

2.87

1.25

.64

.86

0-4

0-4

-.78

-.59

Positive Alternatives

4.57

1.29

.44

.75

0-6

1-6

-.57

-.46

52.75

8.92

.82

.84

18-72

28-72

-.03

-.07

Parental Support

36.02

6.25

.76

.74

12-48

17-48

-.32

.26

Role Modeling

16.74

3.75

.68

.81

6-24

6-24

.01

-.12

18.30

3.80

.51

.61

5-25

5-25

-.37

.58

Equipment Access

11.80

2.77

.66

.53

3-15

3-15

-1.06

1.01

Neighborhood Safety

6.50

2.38

.49

.60

2-10

2-10

-.27

-.74
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M

PAIS

Environment

Validity
Factorial structure of the physical activity self-efficacy scale. A confirmatory
factor analysis (CFA) was conducted to test the factorial structure of the PASES. Results
of the CFA model indicated that the three-factor structure of the PASES did not fit the
data well with fit indices [x2(116) = 160.55, p = .0039, CN = 112, SRMSR = .08, GFI
= .89, AGFI = .85, RMSEA = .06 with 90% CI [.03-.07], CFI = .82, NFI = .58, ECVI =
1.96, AIC = 234.55]. Thus, an exploratory factors analysis with Varimax rotation was
conducted to assess the factorial structure of the PASES. The results of the Bartlett’s test
indicated that there were significant correlations among the 17 items [x (136)= 362.04, p
2

< .0001], and the Kaiser-Meyer-Olkin (KMO) measures of sampling adequacy was .64,
indicating that the factor analysis can yield distinct and reliable factors (Kaiser, 1974).
However, no satisfactory factorial structure was identified based on the Scree plot,
eigenvalues, variance explained, and loading coefficients. The content of Item 16 is very
similar to Item 4, and Item 17 is very similar to Item 1. Based on the item-total
correlation coefficients, Item 1 with item-total correlation coefficient of .15 and Item 4
with item-total correlation coefficient of .27 were deleted to form a new physical activity
self-efficacy scale: physical activity self-efficacy scale for children (PASES-C). The
original 17-item PASES and 15-item PASES-C were highly correlated with each other (r
= .99, p < .0001). The Cronbach’s alpha coefficient for the PASES-C was .72 with itemtotal correlation coefficients ranging from .14 to .49, with Item 3 having the item-total
correlation coefficient of .14.
The Bartlett’s test for the 15 items were significant (x2 = 306.02, df = 105, p
< .0001), and the KMO measures of sampling adequacy was .68. A principle components
112

analysis with Varimax rotation suggested a new three-factor structure  barriers, support
seeking, and positive alternatives. If one item loaded onto two factors, then that item
would be assigned to the component with a bigger loading coefficient. Item 8 was
assigned to support seeking component after reading the content of that item (See Table
7). The three factors accounted for 41.08% variance of the physical activity self-efficacy.
The CFA model suggested that the three-factor structure of the PASES-C still did not fit
the data adequately [x2(87) = 114.62, p = .0253, CN = 121, SRMSR = .08, GFI = .90,
AGFI = .86, RMSEA = .05 with 90% CI [.02-.07], CFI = .87, NFI = .64, ECVI = 1.51,
AIC = 180.62].
Table 7
Factorial Structure Matrix Rotated to the Varimax Criterion for PASES-C (N = 133)
Item Number

Barriers

Support

Positive

Communality

Seeking

Alternatives

(h2)

PASES-C-2

.12

.78

.15

.64

PASES-C-3

-.10

-.02

.82

.69

PASES-C-5

.09

.58

-.10

.36

PASES-C-6

.47

.12

.22

.29

PASES-C-7

-.06

.48

.39

.38

PASES-C-8

.39

.26

.01

.22

PASES-C-9

.01

.69

.18

.51

PASES-C-10

.62

.05

-.07

.39

PASES-C-11

.40

.38

-.05

.30

PASES-C-12

.14

.25

.47

.30

PASES-C-13

.73

.11

.06

.54

PASES-C-14

.62

.07

.17

.42

PASES-C-15

.39

-.08

.61

.53

PASES-C-16

.61

-.08

.05

.38
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PASES-C-17

.32

.35

-.06

.23

Eigenvalues

3.19

1.64

1.33

6.16

% of variance explained

21.29

10.91

8.88

41.08

Factorial structure of the physical activity enjoyment scale. A CFA model was
conducted to test the factorial structure of the PACES. Results of the CFA model
indicated that the one-factor structure of the PACES did not fit the data well [x2(104) =
262.81, p < .0001, CN = 62, SRMSR = .10, GFI = .76, AGFI = .68, RMSEA = .11 with
90% CI [.09-.13], CFI = .70, NFI = .60, ECVI = 2.67, AIC = 326.81]. Thus, exploratory
factor analysis with Varimax rotation was conducted to assess the factorial structure of
the PACES. The results of the Bartlett’s test indicated that there were significant
correlations among the 16 items (x2 = 625.82, df = 120, p < .0001), and the KMO
measures of sampling adequacy was .81, indicating that the factor analysis can yield
distinct and reliable factors. A principle component analysis with Varimax rotation
suggested a two-factor structure with all positively worded items loaded onto one factor,
and all negatively worded items loaded onto the other factor except Item 7, which loaded
more on the positive component (See Table 8). For Item 7, Moore and colleges modified
the word ‘depressed’ to ‘sad’ in 2009 from 2001 Motl’s scale. The CFA model indicated
that the two-factor structure fit the data better than one-factor structure, but still not
adequately [x2(103) = 173.19, p < .0001, CN = 93, SRMSR = .08, GFI = .86, AGFI = .82,
RMSEA = .07 with 90% CI [.05-.09], CFI = .87, NFI = .74, ECVI = 1.72, AIC = 239.19].
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Table 8
Factorial Structure Matrix Rotated to the Varimax Criterion for PACES (N = 133)
Item Number

Positively Worded

Negatively Worded

Communality

Items

Items

(h2)

PACES-1

.51

.07

.26

PACES-2

.02

.66

.44

PACES-3

.28

.72

.59

PACES-4

.35

.12

.13

PACES-5

.07

.67

.46

PACES-6

.66

.05

.43

PACES-7

.46

.39

.36

PACES-8

.47

.39

.38

PACES-9

.85

.03

.72

PACES-10

.42

-.03

.16

PACES-11

.69

.32

.58

PACES-12

.05

.70

.50

PACES-13

.07

.61

.38

PACES-14

.65

.23

.48

PACES-15

.75

.10

.57

PACES-16

.20

.67

.48

Eigenvalues

4.89

2.05

6.94

% of variance explained

30.57

12.78

43.35

Factorial structure of the parental influence scale. A CFA model was
conducted to test the factorial structure of the PAIS. Results of the CFA model indicated
that the two-factor structure of PAIS did not fit the data well [x2(134) = 371.82, p < .0001,
CN = 55, SRMSR = .11, GFI = .74, AGFI = .67, RMSEA = .12 with 90% CI [.10-.13],
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CFI = .62, NFI = .52, ECVI = 3.64, AIC = 445.82]. Thus, exploratory factor analysis
with Varimax rotation was conducted to assess the factorial structure of the PAIS. The
results of Bartlett’s test indicated that there were significant correlations among the 18
items (x2 = 734.80, df = 153, p < .0001), and the KMO measures of sampling adequacy
was .76, indicating that the factor analysis can yield distinct and reliable factors. A
principle component analysis with Varimax rotation suggested a two-factor structure with
all negatively worded items loaded onto one factor, and all positively worded items
loaded onto the other factor except Item 8, which loaded more on the negative component
(See Table 9). The CFA model showed that the new two-factor structure fit the data
better than the previous two-factor structure, though still not adequately [x2(134) =
324.23, p < .0001, CN = 63, SRMSR = .09, GFI = .78, AGFI = .72, RMSEA = .11 with
90% CI [.09-.12], CFI = .70, NFI = .58, ECVI = 3.26, AIC = 398.23].
Table 9
Factorial Structure Matrix rotated to the Varimax Criterion for PAIS (N = 133)
Item Number

Positively Worded

Negatively Worded

Communality

Items

Items

(h2)

PAIS-1

.67

-.07

.45

PAIS-2

.38

.23

.20

PAIS-3

.58

-.10

.42

PAIS-4

.51

.28

.33

PAIS-5

-.03

.59

.35

PAIS-6

.60

.19

.40

PAIS-7

-.03

.72

.52

PAIS-8

.41

.53

.45

PAIS-9

.04

.66

.44

PAIS-10

.67

.31

.54
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PAIS-11

.70

.11

.51

PAIS-12

.50

.25

.31

PAIS-13

.09

.77

.60

PAIS-14

.30

-.13

.11

PAIS-15

.59

-.10

.36

PAIS-16

.61

.03

.38

PAIS-17

.46

-.22

.26

PAIS-18

.43

.40

.34

Eigenvalues

4.80

2.17

6.97

% of variance explained

26.66

12.05

38.71

Factorial structure of the modified environment scale. The results of Bartlett’s
test indicated that there were significant correlations among the 5 items (x2 = 72.59, df =
10, p < .0001), and the KMO measures of sampling adequacy was .62, indicating that the
factor analysis can yield distinct and reliable factors (Kaiser, 1974). A principal
component analysis with a Varimax rotation was conducted, yielding a two-factor
structure: equipment accessibility (items 1, 2 and 5) and neighborhood safety (items 3
and 4). The two factors accounted for 36.18% and 26.72% of the variance respectively,
with a total of 62.9% variance. The rotated factor structure coefficients and communality
coefficients are provided in Table 10. A CFA was conducted to verify the two-factor
structure of the modified environment scale. The CFA model showed that the two-factor
structure fit the data adequately [x2(4) = 1.31, p = .859, CN = 910, SRMSR = .02, GFI =
1.00, AGFI = .98, RMSEA = .00 with 90% CI [.00-.07], CFI = 1.00, NFI = .98, ECVI
= .19, AIC = 23.31].
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Table 10
Environment Scale Factorial Structure Matrix Rotated to the Varimax Criterion (N = 133)
Item

Equipment

Neighborhood

Communality

Accessibility

Safety

(h2)

Item 1

.83

.10

.70

Item 2

.74

-.02

.55

Item 3

.13

.76

.59

Item 4

-.07

.86

.75

Item 5

.72

.03

.52

Eigenvalues

1.81

1.34

3.15

% of variance explained

36.18

27.72

62.9

Compliance Rate, Reliability, and Reactivity of Wearing Pedometers
Compliance Rate
Among the 133 children, 87.2% (n = 116) returned their pedometers, and 12.8%
(n = 17) indicated they lost their pedometers. On average, 38.4% (n = 51) of the children
wore pedometers for seven days, 12% (n = 16) wore pedometers for six days, 9% (n = 12)
wore pedometers for five days, and 3% (n = 4) wore pedometers for four days, with a
total of 62.4% (n = 83) wore pedometers for more than three days. Only 5.3% (n = 7) of
the children did not wear pedometers, and 9% (n = 12) wore pedometers for one day,
16.5% (n = 22) wore pedometers for two days, and 6.8% (n = 9) wore pedometers for
three days.
Reliability
The ICCs were calculated using a two-way mixed-effect model with type
consistency to estimate the reliability of daily pedometer steps. Starting with two
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consecutive days (Day 1 and Day 2), reliability of successive combination of days was
estimated by adding one day at a time. The ICCs with 95% CI for daily pedometer steps
are presented in Table 11. As expected, the reliability coefficients increased with the
number of days of data increasing. All the reliability coefficients were strong even with
only two days’ data.
Table 11
Pedometer Reliability over Seven Consecutive Days (N = 133)
95% CI
Days

ICC

Lower Bound

Upper Bound

Day 1-2

.70

.54

.80

Day 1-3

.79

.70

.86

Day 1-4

.85

.78

.90

Day 1-5

.85

.78

.90

Day 1-6

.86

.79

.91

Day 1-7

.87

.81

.92

Weekdays

.80

.70

.87

Weekend Days

.79

.66

.87

Reactivity
Mixed linear regression model (Brown & Prescott, 2006) was used to examine the
change trend of children’s pedometer steps over time, while paired-samples t-test was
conducted to compare the differences of pedometer steps between two consecutive days.
Table 12 demonstrates the mean and standard deviation of the pedometer steps over time.
The results of the mixed linear regression model indicated that the pedometer steps did
not change over time from Day 1 to Day 7 [t(485) = -1.33, p = .1841], either change from

119

Monday through Sunday [t(485) = .80, p = .4258]. Consistently, no significant
differences were found between two consecutive days.
Table 12
Mean and Standard Deviation of Pedometer Steps over Time (N = 133)
Variable
00Steps

Day 1  Day 7
Day 1

Day 2

Day 3

Day 4

Day 5

Day 6

Day 7

8303

8329

8229

7958

7424

8051

7944

(4227)

(4329)

(4902)

(4620)

(4244)

(4538)

(4919)

Friday

Saturday

Sunday

Monday  Sunday
Steps

Monday

Tuesday

Wednesday Thursday

7859

7668

7924

8348

8380

8120

8072

(4531)

(4786)

(3786)

(4495)

(4751)

(4969)

(4477)

Physical and Sedentary Activity
During the school year, 23 (17.3%) children walked to school, only 2 (1.5%) went
to school by bicycle, 42 (31.6%) children went to school by school bus, and 66 (49.6%)
went to school by car for most of the days. The screen-viewing time was not significantly
correlated with self-reported physical activity levels (r = -.091, p = .307), or pedometer
steps (r = .034, p = .708).
Sedentary Activity
About 104 (78.2%) children watched TV/DVDs, 83 (62.4%) played video games,
and 110 (82.7%) used computers during the school year, for an average of 57.31 minutes
(SD = 52.82) per day. Analysis of the data reported by parents found that the majority of
the children (n = 120, 90.2%) met the screen-viewing time recommendation by AAP:
viewing TV, videos or playing video games for no more than 2 hours a day. The length of
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screen-viewing time was significantly and negatively correlated with parental influence (r
= -.23, p = .012) as well as the two components of parental influence: parental support (r
= -.18, p = .043) and role modeling (r = -.23, p = .01). Children using computers had
more screen-viewing time than children who did not use computers [431 ± 385 vs. 261 ±
249, t(128) = -2.03, p = .044]. Similarly, children watching TV/DVDs [448 ± 383 vs. 239
± 265, t(128) = -2.74, p = .007], or playing video games [453 ± 414 vs. 316 ± 264, t(128)
= -2.30, p = .023] had more screen-viewing time. No statistically significant results were
found related to the influence of other demographics on sedentary activity levels.
Physical Activity
Children took an average of 7,868 (SD = 3526) pedometer steps per day. Only one
8-year-old girl had at least 11,000 steps each day. When using the average pedometer
steps to assess children’s status of meeting physical activity recommendations, 13.5% (n
= 10) of boys and 11.9% (n = 7) of girls, total 12.8% (n = 17) of the children, met
physical activity recommendations, that is, 13,000 steps/day for boys and 11,000
steps/day for girls. Cut points for boys are: (1) < 10,000 (sedentary), (2) 10,000-12,499
(low active), (3) 12,500-14,999 (somewhat active), (4) 15,000 - 17,499 (active), and (5) ≥
17,500 (highly active) steps/day; and for girls are: (1) < 7,000, (2) 7,000-9,499, (3) 9,50011,999, (4) 12,000 - 14,499, and (5) ≥14,500 steps/day (Tudor-Locke et al., 2011). Based
on these cut points, approximately 59.5% (n = 44) boys and 52.5% (n = 31) girls were
sedentary; 18.9% (n = 14) boys and 30.5% (n = 18) girls were low active; 9.5% (n = 7)
boys and 6.8% (n = 4) girls were somewhat active; 4.1% (n = 3) boys and 5.1% (n = 3)
girls were active; and only 4% (n = 2) girls were highly active.
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On average, boys took more pedometer steps than girls [8441 ± 3685 vs. 7197 ±
3233, t(124) = 2.02, p = .046]. Children with a full-time employed mother tended to have
fewer pedometer steps than children with an unemployed or part-time employed mother
[7429 ± 3306 vs. 8717 ± 3815, t(124) = 1.97, p = .052]. Mode of transportation to school
had a significant influence on children’s pedometer steps [F(3,122) = 4.16, p = .008]. The
results of Hochberg’s GT2 post-hoc tests indicated that children who walked to school
(10083 ± 3784) had the highest pedometer steps compared to children who went to
school by school bus (7561 ± 3634, p = .037), or by car (7380 ± 3126, p = .01), but not
by bicycle (4895 ± 1180, p = .22) however only two children went to school by bicycle.
Children from families with annual family income less than $30,000 reported
higher self-reported physical activity levels than children from families with annual
family income greater than $30,000, but not statistically significant (3.34 ± .67 vs. 3.09
± .73, p = .059). Children having a full-time employed father reported participating in
lower physical activity levels than children with an unemployed or part-time employed
father (3.08 ± .74 vs. 3.37 ± .65, p = .046). Similarly, children having a full-time
employed mother tended to have lower self-reported physical activity levels children with
an unemployed or part-time employed mother, though not statistically significant (3.12
± .72 vs. 3.36 ± .72, p = .067). In addition, children with a mother who received at least
some college education tended to have higher self-reported physical activity levels than
children with a mother who did not receive any college education (3.30 ± .72 vs. 3.06
± .66, p = .061).
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Obesity Status
For children participating in this study, 2.3% (n = 3) were underweight and 48.9%
(n = 65) were healthy weight, while 18.8% (n = 25) were overweight and 30.1% (n = 40)
were obese. The average BMI was 20.74 (SD = 5.12, range: 13.40-38.20), the average
BMI-percentile was 73.97 (SD = 26.45, range: 3.20-99.60), and the average BMI z-score
was .94 (SD = 1.07, range: -1.84-2.74). Hispanic children tended to have higher BMIpercentile (81.50 ± 21.16 vs. 72.05 ± 27.39, p = .097), and BMI z-score (1.28 ± .98
vs. .85 ± 1.08, p = .065) than Non-Hispanic children, but not statistically significant.
Children with a mother who did not receive any college education had higher BMIpercentile (80.28 ± 20.55 vs. 69.23 ± 29.37, p = .012), and BMI z-score (1.17 ± .90
vs. .76 ± 1.17, p = .028) than children with a mother who received at least some college
education.
Overweight or obese children had lower scores on barriers component of the
PASES than non-overweight children (2.61 ± 1.39 vs. 3.12 ± 1.05, p = .021). Children’s
BMI-percentile was significantly and negatively correlated with physical activity selfefficacy (r = -.19, p = .038), specifically the barriers component (r = -.20, p = .024).
Children’s BMI z-score was also significantly and negatively correlated with physical
activity self-efficacy (r = -.21, p = .02), specifically the support seeking component (r = .18, p = .045) and barriers component (r = -.21, p = .018). Children’s BMI (r = -.27, p
= .002) and BMI z-score (r = -.18, p = .042), but not BMI-percentile (r = -.10, p = .252),
was negatively correlated with pedometer steps. Overweight or obese children had fewer
pedometer steps [7022 ± 3037 vs. 8741 ± 3798, t(124) = 2.81, p = .006], and fewer days
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of meeting physical activity recommendations [.48 ± .95 vs. .94 ± 1.65, t(108) = 2.0, p
= .048] than non-overweight children.
A binary logistic regression model was conducted to model the relationship
between 14 predictors of children’s obesity status (1 = overweight/obese, 0 = nonoverweight). The demographic factors (age, sex, ethnicity, race, number of children,
marital status, family income, employment status, and education levels), self-reported
physical activity levels, pedometer steps, and screen-viewing time were entered into the
logistic regression model. All the categorical demographic variables were coded as a
dummy variable. Results indicated a statistically significant improvement over the
constant-only model [x2(17, N = 97) = 34.14, p = .008]. Only father’s employment status
(1 = full time, 0 = part time or unemployed) (p = .002), mother’s education level (1 =
some college education, 0 = no college education) (p = .034), ethnicity (1 = Hispanic, 0 =
Non-Hispanic) (p = .026), children’s age (p = .004), and self-reported physical activity
levels (p = .021) were the significant predictors of children’s obesity status. The model
predicted that the odds for a child with a part-time or unemployed father to be overweight
or obese were 12 times higher than a child with a full-time employed father, OR = 12.35,
95% CI = [2.49-62.5]. Moreover, the odds for a child with a mother who did not receive
any college education to be overweight or obese were about 5 times than a child with a
mother who received some college education, OR = 4.83, 95% CI = [1.12-20.76].
Hispanic children were 9 times more likely to be overweight or obese than Non-Hispanic
children, OR = 8.93, 95% CI = [1.30-62.5]. With self-reported physical activity levels,
OR = 2.65, 95% CI = [1.16-6.09], and children’s age, OR = 2.43, 95% CI = [1.32-4.46],
increased by one point, the odds for children to be overweight or obese were doubled.

124

Determinants of Physical Activity
The mean and standard deviation for each determinant are demonstrated in Table
6. Girls had higher scores on physical activity self-efficacy (14.15 ± 2.54 vs. 12.84 ± 3.15,
p = .01): support seeking component (6.34 ± .99 vs. 5.71 ± 1.51, p = .006), and positive
alternatives component (4.85 ± 1.19 vs. 4.34 ± 1.35, p = .026); and equipment
accessibility component (12.47 ± 2.21 vs. 11.22 ± 3.08, p = .009). Race had significant
effect on children’s perceived parental influence [F(4,114) = 3.16, p = .017], specifically
parental support component [F(4,114) = 3.22, p = .015). Results of the Hochberg’s GT2
post-hoc tests indicated that compared to African American children, mixed-race children
perceived to receive more parental influence (49.92 ± 8.48 vs. 58.27 ± 7.25, p = .036),
and parental support (33.84 ± 6.50 vs. 40.00 ± 5.33, p = .037). As children aged, their
barriers component of the PASES decreased (r = -.18, p = .039). Children from a family
with an annual family income less than $20,000 had the highest physical activity
enjoyment level [F(3,117) = 2.93, p = .036].
Mother’s employment status had significant influence on children’s perceptions
of parental influence [F(2,124) = 3.58, p = .031], and role modeling component [F(2,124)
= 4.97, p = .008]. Specifically, children with an unemployed mother had higher scores on
parental influence (57.39 ± 8.15 vs. 51.49 ± 8.80, p = .019), and role modeling
component than children with a full-time employed mother (18.50 ± 4.76 vs. 16.03 ±
3.43, p = .018). Children with an unemployed or part-time employed mother had higher
scores on positive alternatives component of the PASES compared to children with a fulltime employed mother (4.93 ± 1.18 vs. 4.40 ± 1.32, p = .03). Children with a father who
received some college education had higher scores on positive alternatives component of
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the PASES than children with a father who did not receive any college education (4.92 ±
1.21 vs. 4.37 ± 1.35, p = .025). Children with a mother who received some college
education had higher physical activity enjoyment than children with a mother who did
not receive any college education (68.41 ± 8.39 vs. 64.72 ± 10.08, p = .027).
Research Questions
Research Question One
The first research question asked what the influence of wearing pedometers on the
determinants (physical activity self-efficacy, physical activity enjoyment, parental
influence, and environment) of physical activity was. Paired-samples t-test was used to
examine the influence of wearing pedometers on the hypothesized determinants of
physical activity among elementary school children attending afterschool programs. No
significant differences were found on the determinants of physical activity after one-week
pedometer wearing (See Table 13).
Table 13
Effects of Wearing Pedometers on the Determinants of Physical Activity (n = 50)
Variable

Pre-test

Post-test

M ± SD

M ± SD

13.31 ± 3.47

Support seeking

t-statistic

p-value

13.43 ± 3.32

-.33

.744

5.82 ± 1.48

5.90 ± 1.56

-.41

.684

Barriers

3.18 ± 1.13

2.98 ± 1.23

1.70

.096

Positive alternatives

4.31 ± 1.57

4.55 ± 1.42

-1.27

.209

Enjoyment

66.43 ± 8.78

67.16 ± 9.33

-.55

.587

Parental Influence

52.65 ± 8.89

52.55 ± 9.96

.10

.919

Role modeling

16.96 ± 3.52

16.84 ± 4.16

.28

.783

Parental support

35.69 ± 6.55

35.71 ± 7.05

-.02

.982

18.39 ± 4.07

18.39 ± 3.99

0

1.0

Self-efficacy

Environment
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Access

11.92 ± 2.32

11.84 ± 2.69

.20

.841

Safety

6.47 ± 2.69

6.55 ± 2.44

-.21

.836

Research Question Two
The second research question asked what the interrelationships among physical
activity self-efficacy, physical activity enjoyment, parental influence, environment and
physical activity were. Pearson correlation analysis was conducted to assess the
interrelationships among the hypothesized determinants of physical activity: physical
activity self-efficacy, physical activity enjoyment, parental influence, environment and
physical activity (See Table 14). Self-reported physical activity levels were significantly
and moderately correlated with physical activity self-efficacy, physical activity
enjoyment, parental influence and environment. Pedometer steps were not significantly
correlated with any hypothesized determinant, but were significantly correlated with role
modeling component of the PAIS (r = .20, p = .031). All the hypothesized determinants
of physical activity were significantly correlated with each other. As shown in Figure 5,
only a non-significant weak correlation was found between self-reported physical activity
levels and pedometer steps (r = .14, p = .116).
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Table 14
Interrelationships among Variables (N = 133)
Variable

Selfreported PA

Pedometer
Steps

Selfefficacy

Enjoyment

Pedometer
Steps

.14

Self-efficacy

.41**

.07

Enjoyment

.45**

-.001

.40**

Parental
Influence

.43**

.17

.46**

.37**

Environment
Note. **p < .01

.39**

.05

.37**

.37**

Parental
Influence

.59**

Figure 5
Scatterplot between Self-reported Physical Activity Levels and Pedometer Steps
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Research Question Three
The third research question asked what the significant psychosocial and
environment determinants of self-reported physical activity levels were among children
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aged 8 to 11 years old. The SEM with maximum likelihood (ML) was used to examine
the determinants of self-reported physical activity levels.
Parental influence. Model A (See Figure 6 Model A) demonstrates the best-fitted
self-reported physical activity model based on the YPAP model after deleting the nonsignificant path between perceived environment and physical activity. In Model A, both
physical activity self-efficacy (β = .19, p = .02), and physical activity enjoyment (β = .29,
p = .0003) had significant direct effect on self-reported physical activity levels.
Children’s perceived parental influence had both direct (β = .24, p = .007), and indirect
effect (β = .19, p = .0003) through physical activity self-efficacy and enjoyment, on selfreported physical activity levels. Perceived environment did not have any significant
effect on self-reported physical activity levels. Children’s perceived parental influence
accounted for about 14% of the variance of physical activity enjoyment, and 21% of the
variance of physical activity self-efficacy. This model could significantly explain 28% of
the variance of self-reported physical activity levels. However, the model fit indices were
less than adequate (See Table 15).
Model B was solely developed based on this study data (See Figure 6 Model B).
In Model B, children’s perceived parental influence served as the partial mediator of the
relationships of physical activity self-efficacy and physical activity enjoyment with
physical activity. Physical activity self-efficacy had significant direct effect (β = .19, p
= .03), and indirect effect (β = .09, p = .02) through perceived parental influence, on selfreported physical activity levels. Physical activity enjoyment had significant direct effect
(β = .28, p = .0005), but non-significant indirect effect (β = .05, p = .05) through
perceived parental influence, on self-reported physical activity levels. Perceived parental
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influence had significant direct effect (β = .23, p = .005) on self-reported physical activity
levels. Physical activity self-efficacy and physical activity enjoyment accounted for about
25% of the variance of perceived parental influence, and Model B could significantly
explain about 30% of the variance of self-reported physical activity levels.
Compared to Model A, Model B fit the data adequately with smaller values of
ECVI and AIC. In Model A, perceived parental influence had the strongest effect (β = .43,
p < .0001), and physical activity enjoyment had the second strongest effect (β = .29, p
= .0003) on self-reported physical activity levels. While in Model B, physical activity
enjoyment had the strongest effect (β = .33, p < .0001), and physical activity self-efficacy
had the second strongest effect (β = .28, p = .0007) on self-reported physical activity
levels. However, part of these effects (total β = .14) on self-reported physical activity
levels in Model B were indirect effects mediated by perceived parental influence.
Therefore, Model B is the best model for this study data, and perceived parental influence
partially mediated the relationships of physical activity self-efficacy and physical activity
enjoyment with self-reported physical activity.
Parental support. Considering the strong influence of perceived parental
influence on physical activity, new SEM models were developed for the two subscales of
parental influence, perceived parental support and perceived parental role modeling
respectively. Model C (Figure 6) shows that perceived parental support had direct effect
(β = .24, p = .004), and indirect effect (β = .18, p = .0002) through physical activity selfefficacy and physical activity enjoyment on self-reported physical activity levels.
Physical activity self-efficacy (β = .21, p = .0088), and physical activity enjoyment (β
= .28, p = .0003) had direct effect on self-reported physical activity levels. Perceived
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parental support could account for 12% variance of physical activity enjoyment and 14%
variance of physical activity self-efficacy. The total model could explain about 29%
variance of self-reported physical activity levels. However, based on the fit indices in
Table 15, Model C did not fit the data well.
In Model D, perceived parental support was the partial mediator between physical
activity self-efficacy, physical activity enjoyment, and physical activity. In this model,
physical activity self-efficacy had direct effect (β = .21, p = .0128), and indirect effect (β
= .07, p = .0268) through perceived parental support on self-reported physical activity
levels. Similarly, physical activity enjoyment had direct effect (β = .28, p = .0006), and
indirect effect (β = .06, p = .0474) through perceived parental support on physical activity.
Perceived parental support had significantly direct effect on self-reported physical
activity levels (β = .24, p = .0031). Physical activity self-efficacy and physical activity
enjoyment could explain about 19% variance of perceived parental support, and this
model accounted for about 31% variance of self-reported physical activity levels.
Compared to Model C, Model D fit data better and adequately (See Table 15). Thus,
Model D was selected as the final model for perceived parental support.
Parental role modeling. In Figure 6 Model E, physical activity self-efficacy (β
= .28, p = .0002), and physical activity enjoyment (β = .34, p < .0001) had direct effect on
self-reported physical activity levels, while perceived parental role modeling only had
indirect effect (β = .23, p < .0001) through physical activity self-efficacy and physical
activity enjoyment on physical activity levels. In this model, perceived parental role
modeling could account for 9% variance of physical activity enjoyment, and 20%
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variance of physical activity self-efficacy. This model could explain about 22% variance
of self-reported physical activity levels.
In Figure 6 Model F, the same as Model E, physical activity self-efficacy (β = .28,
p < .001) and physical activity enjoyment (β = .33, p < .001) had direct effect on selfreported physical activity levels, while perceived parental role modeling did not have any
significant effect on physical activity levels. Although, the path between physical activity
enjoyment and perceived parental role modeling was not significant, the investigator
decided to keep this path after comparing the fit indices values between the two models.
Physical activity self-efficacy and physical activity enjoyment together could explain
about 22% variance of perceived parental role modeling, and 26% variance of selfreported physical activity levels. Compared to Model E, Model F fit this data better but
not adequately (See Table 15). However, after comparing the two models related to the
interrelationships among the study variables, Model E was selected as the final model for
perceived parental role modeling.
Summary. After comparing fit indices values and path coefficients, Model B,
Model D, and Model E were selected as the final models for Research Question Three.
Perceived parental influence as well as perceived parental support partially mediated the
relationships of physical activity self-efficacy and physical activity enjoyment with selfreported physical activity levels. Physical activity self-efficacy and physical activity
enjoyment had direct and indirect effect through perceived parental influence or support
on self-reported physical activity levels. Perceived parental role modeling only had
indirect effect on self-reported physical activity levels through physical activity selfefficacy and physical activity enjoyment.
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Figure 6
Self-Reported Physical Activity Models (N = 133)
Model A Parental Influence

Model B Parental Influence

133

Model C Parental Support

Model D Parental Support
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Model E Parental Role Modeling

Model F Parental Role Modeling

Note. *p < .05, **p < .01. Model B, D, and E were selected as the final models for selfreported physical activity levels.
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Table 15
Model Fit Indices of Theoretical Model, Model A, Model B, Model C, Model D, Model E, and Model F (N = 133)
Parental Influence
Fit Index

Parental Support

Role Modeling

Cut Point

Theoretical

Model A

Model B

Model C

Model D

Model E

Model F

P > .05

.0008

.0013

> .05

.0004

> .05

.0006

.1549

Hoelter Critical N

> 200

59

47

> 200

39

> 200

51

240

GFI

> .90

.95

.96

1.00

.95

1.00

.95

.99

AGFI

> .95

.74

.62

1.00

.54

1.00

.73

.92

RMSEA

< .06

.19

.27

0

.30

0

.23

.09

(.11-.28)

(.14-.43)

(.13-.34)

(0-.27)

Absolute Fit
Chi-square test
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Parsimony Fit

(.17-.46)

ECVI

Smaller

.33

.23

.17

.25

.17

.25

.16

AIC

Smaller

40.70

28.35

20

30.71

20

30.89

20.02

> .95

.91

.90

1.00

.87

1.00

.85

.99

Incremental Fit
Bentler CFI

Note. Model B, D, and E were the best models.

Research Question Four
The fourth research question asked what the significant psychosocial and
environment determinants of objective physical activity levels measured by average
pedometer steps were among children aged 8 to 11 years old. SEM with full information
maximum likelihood (FIML) was conducted to examine the determinants of average
pedometer steps.
Parental influence. Model A was developed based on the theoretical model. In
this model (See Figure 7 model A), only perceived parental influence had significant
direct effect on average pedometer steps (β = .17, p = .0169). Perceived parental
influence accounted for about 13% variance of physical activity enjoyment, 21% variance
of physical activity self-efficacy, and only 3% variance of average pedometer steps. The
model fit indices suggested that this model fit data inadequately.
Model B was solely developed based on the data, and perceived parental
influence served as the partial mediator. Based on the fit indices values, the nonsignificant path between physical activity self-efficacy and average pedometer steps was
retained. In Model B (See Figure 7 Model B), perceived parental influence had
significantly direct effect on average pedometer steps (β = .18, p = .0143), while physical
activity self-efficacy had significantly indirect effect through perceived parental influence
on average pedometer steps (β = .06, p = .0309). Physical activity enjoyment tended to
have indirect effect on average pedometer steps through perceived parental influence,
though not statistically significant (β = .04, p = .0672). Physical activity self-efficacy and
physical activity enjoyment together could account for about 25% variance of perceived
parental influence, and this model total could explain about 3% variance of average

137

pedometer steps. Compared to Model A (See Table 16), Model B fit the data better. In
Model B, perceived parental influence had the strongest effect (β = .17) on average
pedometer steps, and mediated the relationships of physical activity self-efficacy and
physical activity enjoyment with average pedometer steps.
Parental support. In Figure 7 Model C, only perceived parental support had
significantly direct effect on average pedometer steps (β = .13, p < .01). Perceived
parental support could account for 12% variance of physical activity enjoyment, and 14%
variance of physical activity self-efficacy. This model explained only 2% variance of
average pedometer steps. In Figure 7 Model D, perceived parental support was the partial
mediator. Both physical activity self-efficacy (β = .03, p = .0021), and physical activity
enjoyment (β = .02, p = .0107) had significantly indirect effect through perceived
parental support on average pedometer steps. Perceived parental support had significantly
direct effect on average pedometer steps (β = .11, p < .0001). Physical activity selfefficacy and physical activity enjoyment could explain about 19% variance of perceived
parental support, and Model D could account for only 1% variance of average pedometer
steps. The fit indices values in Table 16 shows that Model D fit the data better compared
to Model C. Therefore, Model D was selected as the final model for perceived parental
support.
Parental role modeling. In Figure 7 Model E, only perceived parental role
modeling had significant effect on average pedometer steps (β = .19, p < .01). Perceived
parental role modeling accounted for about 9% variance of physical activity enjoyment,
and 20% variance of physical activity self-efficacy respectively. Model E could explain
about 4% variance of average pedometer steps. In Figure 7 Model F, perceived parental
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role modeling had direct effect on average pedometer steps (β = .20, p < .0001), and
physical activity self-efficacy had indirect effect through perceived parental role
modeling on average pedometer steps (β = .09, p < .0001). Physical activity self-efficacy
accounted for about 20% variance of perceived parental role modeling, and this model
explained about 4% variance of average pedometer steps. The fit indices values in Table
16 show that Model F fit data better and adequately. Thus, Model F was selected as the
final model for perceived parental role modeling.
Summary. Model B, Model D, and Model F were selected as the final models for
average pedometer steps. Perceived parental influence, parental support and parental role
modeling had the strongest effect on average pedometer steps compared to physical
activity self-efficacy and physical activity enjoyment. Perceived parental influence and
parental support partially mediated the relationships of physical activity self-efficacy and
physical activity enjoyment with average steps, while perceived parental role modeling
only significantly mediated the relationship of physical activity self-efficacy with average
pedometer steps. Compared to perceived parental support, it seems that perceived
parental role modeling had more effect on children’s average pedometer steps.

139

Figure 7
Pedometer Steps Models (N = 133)
Model A Parental Influence

Model B Parental Influence
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Model C Parental Support

Model D Parental Support
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Model E Parental Role Modeling

Model F Parental Role Modeling

Note. *p < .05, **p < .01. Model B, D, and F were selected as the final models for
average pedometer steps
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Table 16
Model Fit Indices of Theoretical Model, Model A, Model B, Model C, Model D, Model E, and Model F (N = 133)
Parental Influence
Fit Index

Parental Support

Role Modeling

Cut Point

Theoretical

Model A

Model B

Model C

Model D

Model E

Model F

P > .05

.0004

.0073

.40

.0023

.7384

.0021

.8241

Hoelter Critical N

> 200

60

92

764

76

1402

75

11045

GFI

> .90

1.00

1.00

1.00

1.00

1.00

1.00

1.00

AGFI

> .95

.98

.99

1.00

.99

1.00

.99

1.00

RMSEA

< .06

.19

.15

0

.16

0

.17

0

(.11-.28)

(.07-.24)

(0-.21)

(.09-.25)

(0-.12)

(.09-.25)

(0-.13)

Absolute Fit
Chi-square test
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Parsimony Fit

SBC

Smaller

6041.22

5313.05

5311.64

5229.88

5220.94

5080.99

4073.57

AIC

Smaller

5990.97

5280.54

5273.21

5197.37

5185.47

5048.48

4049.92

> .95

.88

.86

1.00

.77

1.00

.80

1.00

Incremental Fit
Bentler CFI

Note. Model B, D, and F were the best models.

Summary of Key Findings
All the self-reported scales used in this study had good internal consistency
reliability with Cronbach’s alpha coefficients ranging from .51 to .88, and good test-retest
reliability with ICCs ranging from .61 to .84. Results from the CFA did not confirm the
factorial structures of the PASES, PACES, and PAIS. The exploratory factor analysis
suggested a three-factor structure for the PASES, two-factor structure for the PACES,
PAIS, and perceived environment scale.
In this study, about 87% of the children returned their pedometers after one week.
Approximately 62% wore pedometers for more than three days, and only 5% did not
wear their pedometers at all. The pedometer steps did not change over time, and the day
of the week selected to start recording pedometer steps did not have significant influence
on children’s pedometer steps. Wearing pedometers did not have any significant
influence on children’s perceptions of physical activity self-efficacy, physical activity
enjoyment, parental influence and environment.
For most of the days during school year, approximately 82% of the children went
to school by car or school bus, and only 18% walked or bicycled to school. On average,
children spent about one hour a day on TV/DVDs, video games and computers, and took
about 7,868 pedometer steps each day. In the study sample, nearly half of the children
were overweight or obese, but only 13% of the children met physical activity
recommendations. Based on the data reported by parents, 90% of the children met the
screen-viewing time recommendation.
No relationship was found between screen-viewing time and physical activity
levels. Children with a part-time employed or unemployed mother, or who walked to
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school, took more steps each day. Children with a full-time employed father or mother, or
with a mother who did not receive any college education, reported to participate in lower
physical activity levels.
Overweight or obese children had fewer pedometer steps, and fewer days of
meeting physical activity recommendations than non-overweight children. Children’s
BMI-percentile was influenced by mother’s education level and children’s perceptions of
physical activity self-efficacy. Older Hispanic children with a part-time employed or
unemployed father, or with a mother who did not receive any college education were
more likely to be overweight or obese.
Compared to African American children, mixed-race children reported to receive
more parental influence on physical activity. Children from families with an annual
family income less than $20,000 had highest physical activity enjoyment. Children with
an unemployed or part-time employed mother reported to receive more parental influence
on physical activity than children with a full-time employed mother.
Self-reported physical activity levels were significantly related to physical activity
self-efficacy, physical activity enjoyment, parental influence and environment, but not
significantly related to average pedometer steps. Physical activity self-efficacy, physical
activity enjoyment, parental influence and environment were significantly related to each
other.
For self-reported physical activity levels, perceived parental influence
significantly partially mediated the relationship of physical activity self-efficacy and
physical activity levels, while perceived parental support significantly mediated the
relationships of physical activity self-efficacy and physical activity enjoyment with
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physical activity levels. Perceived parental role modeling had indirect effect on selfreported physical activity levels through physical activity self-efficacy and physical
activity enjoyment. Both physical activity enjoyment and physical activity self-efficacy
had significant direct effect on self-reported physical activity levels, but physical activity
enjoyment had stronger effect on physical activity levels compared to physical activity
self-efficacy. The parental influence model, parental support model, and parental role
modeling model could explain about 30%, 31%, and 22% of the variance of self-reported
physical activity levels respectively.
For pedometer steps, only perceived parental influence, parental support, and
parental role modeling had significantly direct effect on average pedometer steps.
Perceived parental influence and parental support partially mediated the relationships of
physical activity self-efficacy and physical activity enjoyment with average pedometer
steps, while perceived parental role modeling mediated the relationship between physical
activity self-efficacy and average pedometer steps. Compared to physical activity
enjoyment, physical activity self-efficacy had stronger indirect effect on average
pedometer steps. The parental influence model, parental support model, and parental role
modeling model could account for about 3%, 1%, and 4% of the variance of average
pedometer steps. For both self-reported physical activity levels and average pedometer
steps, the results of hierarchical regression models indicated that only physical activity
enjoyment was the significant predictor of physical activity after controlling for
demographic factors (See Appendix K).
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CHAPTER V
DISCUSSION AND CONCLUSIONS
The purpose of this study was to explore the psychosocial and environmental
determinants of physical activity among elementary school children aged 8 to 11 years
old attending afterschool programs. A cross-sectional correlational design was used to
explore the determinants of physical activity, and a pretest-posttest study was conducted
to examine the influence of wearing pedometers on the hypothesized determinants of
children’s physical activity. A total of 133 children were recruited from ten elementary
schools with afterschool programs from August 2013 to October 2013 with all children
completing the posttest surveys after wearing a pedometer for one week to monitor
physical activity. A subsample of 50 of these children was randomly selected to also
complete the pretest surveys prior to receiving pedometers. Six children (one in the
pretest-posttest subsample) did not complete the posttest surveys due to a health problem,
injury, or family relocation to a different geographical area.
This chapter first discusses this research results related to previous literature
findings. Then the implications for further research, practice and policy are presented.
Finally, limitations of this study are addressed and a short summary of the conclusions is
given.
Discussion
Scale Construction and Psychometric Characteristics
Scales measuring physical activity (PAQ-C), physical activity enjoyment
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(PACES), and parental influence (PAIS) had excellent internal consistency reliability
with Cronbach’s alpha coefficients greater than .80. The PASES (physical activity selfefficacy) had fair or good internal consistency reliability with a Cronbach’s alpha
coefficient of .73, which may have been due to the 2-point Likert (yes or no) scale. The
internal consistency reliability for the modified environment scale was also acceptable
because this scale has only five items.
Considering subscales of the instruments used to measure study variables, all the
subscales’ internal consistency reliability was acceptable except the positive alternatives
component of the PASES. The positive alternatives component items were specifically
developed for children, while other two components were adopted from adult physical
activity self-efficacy scales (Saunders et al., 1997). In Saunders’s study (1997), the
Cronbach’s alpha coefficient was .54 for the positive alternatives component. All these
findings may indicate that children’s confidence to perform physical activity is not
significantly influenced by their ability to overcome other existing choices such as
watching TV, staying at home, or doing other things. Test-retest reliability was good for
all the scales measuring the hypothesized determinants of physical activity, with the
PASES and PAIS having excellent test-retest reliability (Zaki et al., 2013).
Different from previous study findings, the three-factor structure of the PASES
did not fit the data adequately. Originally, the three-factor structure was developed using
a principal component factor analysis with Varimax rotation among 319 5th grade
children, but no confirmatory analysis model was conducted to verify the factorial
structure of the PASES (Saunders et al., 1997). Most studies in elementary school
children using this scale did not conduct a CFA to verify the factorial structure of this
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scale (Huhman et al., 2007; Thompson et al., 2008). In this study, after deleting two items
(Item 1 and 4) due to low item-total correlation coefficients and similar contents with
other items, a new three-factor structure was suggested. However, the new three-factor
structure still did not fit the data adequately. Therefore, future studies should modify or
develop valid physical activity self-efficacy instrument for elementary school children.
The two-factor structure of the PACES in this study was consistent with previous
study findings in 564 3rd grade children with all positively worded items loading onto one
factor, and all negatively worded items loading onto the other factor (Moore et al., 2009).
In the same way, the PAIS also had a different two-factor structure with all positively
worded items loading onto one factor and all negatively worded items loading onto the
other factor, from the original factorial structure (Welk et al., 2003). Another study
examined the factorial structure of the PAIS among 601 adolescents, and found that a
three-factor structure (role modeling, parental encouragement, and parental support) also
did not fit data adequately. Although the new factorial structures of the PACES and PAIS
do not fit the data adequately, they do fit better compared to the original factorial
structures. The unsatisfied factorial structures of the PACES and PAIS might be due to
the negatively worded items that were difficult for children to understand. The problem
of including negatively worded items in a measurement for elementary school children
was discussed, and suggestions were also provided later.
The exploratory factor analysis of the modified environment scale suggested a
two-factor structure, and all items together accounted for about 63% of the variance of
the perceived environment. The CFA model confirmed the factorial structure of this scale.
Therefore, this modified environment scale including the school environment had good
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construct validly, and it appears to be a cost-effective tool to assess children’s perceptions
of their physical activity environment related to equipment accessibility and
neighborhood safety.
Including negatively worded items in a scale is recommended for reducing
acquiescence response set bias (Nunnally & Bernstein, 1994). Response set bias occurs
when participants respond to all items in the same manner, such as selecting the same
answer for all the questions. Consistent with other studies, this study found in the PAIS
and PACES that negatively worded items tended to load onto a separate factor rather than
contribute uniquely to the construct of the variable (Cordery & Sevastos, 1993; Fried &
Ferris, 1986). The possible causes include: (1) acquiescence, (2) careless responding, and
(3) confirmation bias (Weijters, Baumgartner, & Schillewaert, 2013). Acquiescence
means a preference for the positive or negative side of the rating scale (i.e., the “agree”
side or the “disagree” side). Careless responding means that some subjects do not read
the item carefully enough and answer a negatively worded item as if it is a positively
worded item. Confirmation bias means the phenomenon that occurs when respondents
answer a question with beliefs being activated that are consistent with the way the
question is stated. These beliefs carry over and influence responses to other items
(meaning negatively worded items are not marked the way they would have the beliefs
not carried over). Especially with children as participants, both acquiescence and careless
responding could be operating. In addition, education levels were suggested as one
contributor to this issue because participants with low levels of education might not be
capable of recognizing the reverse nature of the items (Fried & Ferris, 1986). Therefore,
it was proposed that using negatively worded items in young children was not appropriate
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considering their cognitive development level (Marsh, 1984). During data collection in
this study, children complained of difficulty understanding the negatively worded items.
Further studies should examine the readability of negatively worded items among
elementary school children, and compare the reliability and validity between a scale with
negatively worded items and a scale without negatively worded items. Excluding
negatively worded items when developing self-report scales for elementary school
children should be considered.
The majority of the children in this study did not have difficulty understanding the
4-point or 5-point Likert scales. Modifying the 2-point Likert scale to a 5-point Likert
scale format might improve the internal consistency reliability of the PASES. During data
collection, some children preferred a ‘no opinion’ choice when they could not make a
decision on agreement or disagreement. Especially for the PAIS, some children
mentioned that their father and mother had very different physical activity behaviors such
as one was very active, and the other one was not active at all. Thus, using two separate
scales (one for father and one for mother) to assess parental influence might be more
valid. This study did not have a very large sample size, which could be one explanation
for the poor fit of the factorial structures of the PASES, PACES and PAIS to the study
data. Evidence suggests that when each component of a scale has at least 5 items, a
sample size of 200 is recommended for factor analysis (Mundfrom, Shaw, & Ke, 2005).
Therefore, a large sample size is needed to further examine the factorial structures of
these scales among elementary school children.
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Compliance Rate, Reliability, and Reactivity of Wearing Pedometers
Based on the findings in this study, wearing pedometers for four consecutive days
resulted in a reliability coefficient greater than .80, and wearing pedometers for two
consecutive days yielded a coefficient greater than .70. Other researchers have found that
the intraclass correlation coefficient (ICC) exceeded .80 for three consecutive days, and
exceeded .70 for just two consecutive days among children aged 5 to 19 years old (Craig
et al., 2010). One study in U.S. adolescents suggested that six consecutive days obtained
reliability coefficient greater than .80 (Rowe et al., 2004). Currently, most studies use
seven consecutive days to assess children’s physical activity levels (Clemes & Biddle,
2013). Considering the compliance rate and cost of wearing pedometers for seven
consecutive days, the findings of this study suggest that four consecutive days of wearing
pedometers is adequate to obtain an accurate estimation of children’s physical activity
levels. In order to include children’s physical activity levels on the weekend, three
weekdays and one weekend day are recommended to obtain a better estimation of
elementary school children’s physical activity levels.
In this study, 87% of the children returned their pedometers, and about 38% wore
pedometers for the full seven days. Compared to a Canadian study in which 58% returned
pedometers and data, and 12% returned pedometers but not data (Craig et al., 2010), the
rate of returning pedometers in this study was encouraging. In the Canadian study, a
foldable flying disc was awarded to children who completed the study. In this study,
basketball prizes and playground balls served as external motivation for children to return
pedometers and pedometer logs. Some children in this study complained that they would
have preferred a bag of candy (poor alternative for health promoting study) instead of a
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playground ball because they already had many balls at home or they did not like playing
ball. One girl who won a basketball prize asked the investigator if she could change it to a
soccer ball instead, because she already had a basketball at home.
Some researchers indicated that providing monetary incentives over the course of
study was more effective than gifts or prizes to recruit and retain adolescents in studies
(Martinson et al., 2000). For elementary school children aged 8 to 11 years old, gift
certificate, DVDs, tickets to concerts or sporting events, t-shirts, and movie pass have
been suggested based on their developmental level (Rice & Broome, 2004). However, no
study was found examining the effectiveness of using incentives of any sort on recruiting
and retaining elementary school children in studies. From this study, the investigator
concluded that sports equipment motivated most children to participate in the research
study, but it would be more effective if more variety in types of sports equipment were
available.
Another factor that might affect compliance rate is the availability of adult
participation or guidance. Evidence suggests that involving children and school staff
directly in the study process could yield higher response rates in school-based surveys
than involving parents and school staff or only school staff (Claudio & Stingone, 2008).
In this study, the investigator visited the afterschool programs each weekday to help
children record pedometer steps, reset pedometers to zero, and remind them to wear
pedometers if they had forgotten. As a result, about 93 (69.9%) children wore pedometers
on weekdays, and this number decreased to 74 (55.6%) on weekends. Therefore, it was
concluded that investigators’ daily physical presence might markedly improve the
compliance rate of wearing pedometers among elementary school children. In future,
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afterschool program staff might play the role of investigators to help children record
pedometer steps, reset pedometers to zero, and remind them to wear pedometers.
Reactivity occurs when study procedure influences individuals’ behaviors (Rowe
et al., 2004). The reactivity of using pedometers to assess children’s physical activity
levels is that children may take more steps than their normal levels during the initial
study period. Different from this study’s findings, other study found significant
differences among the seven-day pedometer steps, although no significant differences
were found between two consecutive days (Craig et al., 2010). One study in 1,115 New
Zealand children found that children took more steps on weekdays compared to weekend
days (Duncan, Schofield, & Duncan, 2006). However, this study did not find any
differences between weekday pedometer steps and weekend pedometer steps. Similar to
the findings of this study, a study in 109 4th-6th grade children found no evidence of the
reactivity of wearing pedometers, and also no influence of children’s previous knowledge
of pedometers on their reactivity of wearing pedometers (Prewitt, Hannon, & Brusseau,
2013). Although there is controversy about the reactivity of wearing pedometers, this
study’s findings suggest that there is no reactivity of wearing pedometers among children
aged 8 to 11 years old. During data collection, the investigator repeatedly emphasized
that each child would receive a playground ball no matter how many steps he/she took. In
addition, most children in this study reported wearing pedometers on other occasions, and
pedometers were not considered new, exciting, or innovative anymore. Previous studies
have found evidence of reactivity of wearing pedometers, which may have resulted from
the high percentage of missing data (Craig et al., 2010), missing data imputation (Rowe
et al., 2004), or statistical methods (repeated measures ANOVA vs. mixed linear
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regression model). In addition, the day of the week selected to start recording pedometer
steps did not have significant influence on children’s pedometer steps in this study.
Although no evidence of the reactivity of wearing pedometers in this study
sample was found, attaching the pedometers to overweight or obese children’s pants was
very difficult because most children in this study did not wear a belt. Most of the time,
overweight or obese children’s pedometers turned upside down or at an angle instead of
remaining vertical because of increased waist circumference. Pedometers are known to
often have a higher percentage of error for overweight or obese children than healthy
weight children (Mitre, Lanningham-Foster, Foster, & Levine, 2009). Using pedometers
that can attach to children’s shoes or using pedometer belts may be more practicable for
overweight or obese children. Compared to pedometers, some scientists suggest using
accelerometers to accurately estimate overweight or obese children’s physical activity
levels, because accelerometers can respond both to vertical and horizontal acceleration of
the ankle (Mitre et al., 2009).
Sample Characteristics
Compared to the general population of the two townships that were the settings
for this study, this study sample had higher percentages of Hispanics and African
Americans. Similarly, families in this study had lower annual family income, and higher
percentage of unemployment compared to the general population of the two townships.
Marital status and education levels in the study sample were very similar to the general
population.
Though the study sample was not representative of the population in the two
townships, it was relatively representative of the ethnic/race characteristics of children
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attending afterschool programs. Ethnic minority children are more likely to attend
afterschool programs. In 2009, about 24% of African-American, and 21% of Hispanic
children attended afterschool programs compared to the national average of 15%
(Afterschool Alliance & JCPenny Afterschool, 2009). Ethnic minority children are
experiencing multiple disparities in health and healthcare, and are more likely to suffer
from obesity, hypertension and other health problems while also participating in lower
levels of physical activity and higher levels of sedentary activity (Flores & Lin, 2013;
Singh, Kogan, Van Dyck, & Siahpush, 2008). Therefore, afterschool programs play a
very important role as optimal sites for promoting health and healthy behaviors for
disadvantaged children.
Obesity Status
Nearly half of the children in this study were overweight or obese, with 19%
classified as overweight and 30% were obese. Analysis of the NHANES data found that
about 39% of children aged 6 to 11 years old were overweight or obese in 2008, and the
prevalence or being overweight or obese was disproportionately high in African
American and Hispanic children (Ogden, 2010). In 2011, about 32% of the children in
Indiana were overweight or obese (Kaiser Family Foundation, 2011a). The low
socioeconomic status, parents’ low education levels, and high percentage of minority
children may have contributed to the higher percentage of overweight or obesity in this
study sample. Hispanic children in this study were more likely to be overweight or obese
than non-Hispanic children (prevalence: 56% vs. 47%). In this study, about 38% of
African American children were overweight or obese compared to the national average of
41% in African American children (Singh, Siahpush, & Kogan, 2010).
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Similar to previous study findings (Hills et al., 2011), overweight or obese
children in this study had lower levels of physical activity than non-overweight children.
However, children in this study who reported participating in higher levels of physical
activity were more likely to be overweight or obese. Evidence suggests that indirect
measures usually overestimate children’s physical activity levels (Guthold, Cowan,
Autenrieth, Kann, & Riley, 2010). Overestimation may be one explanation for the
controversial relationship between self-reported physical activity levels and odds of
being overweight or obese. The self-reported physical activity scale used in this study
was a seven-day recall survey, so recall bias might have existed that influenced the
relationship between physical activity levels and odds of being overweight or obese. A
study in England among adults found that overestimation of physical activity levels was
associated with lower BMI (Watkinson et al., 2010), but no study was found in children
that examined the influence of overestimation of physical activity levels on BMI. Further
studies are needed to examine the under or overestimation of physical activity levels
among children when using self-reported physical activity scales.
Children in this study with unemployed fathers or fathers working only part-time
were 12 times more likely to be overweight or obese, and children of mothers with no
college education were 5 times more likely to be overweight or obese after controlling for
other demographic factors. In other words, father’s employment status and mother’s
education level had a very strong influence on children’s obesity status. Similar to
national patterns, children in households with lower education and income levels, and
higher unemployment were more likely to be overweight or obese, and this relationship
was stronger in 2007 compared to 2003 (Singh et al., 2010). Another study found that a
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child with a full-time employed mother during mid-childhood was more likely to become
overweight at age 16 (Stephanie von Hinke Kessler Scholder, 2008). Although this study
did not find an association between mother’s employment status and children’s obesity
status, the fathers’ employment status was strongly related to children’s obesity status.
One possible explanation could be that fathers are the primary contributors of income to
the family, while mothers are the primary caregivers and cooks for a family. Mother’s
education levels may influence their parenting, role modeling and support to their
children. Evidence indicates that full-time workers participate in higher levels of physical
activity than unemployed or part-time employed workers (Van Domelen et al., 2011).
Due to unemployed or part-time employed fathers’ lower physical activity levels,
children may be negatively affected by their father’s unhealthy behaviors resulting in
lower levels of physical activity. All these findings call attention to the vulnerable
children of unemployed or part-time employed fathers, and mothers with low education
levels.
Physical Activity
The majority of the children (90%) in this study, more than the national average
(79%), viewed TV/DVDs, videos or computers for no more than 2 hours a day. These
data were from parents, and parents may have underestimated the screen-viewing time of
their children such as the screening-viewing time in afterschool programs. Another
possible explanation is that parents might carelessly read the question as how many
minutes per day instead of per week even though the words “per week” were bolded and
with a bigger font. The investigator realized this wording problem during data collection,
but only about one quarter of the data were rechecked with parents or children due to
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time limitations. For future studies, the short time span (per day) is suggested to assess
children’s screen-viewing time to avoid careless reading. All children enrolled in 3rd
grade to 12th grade in the Greater Clark County school system were participating in a new
computer program since this current school year (White, 2013). Each child received a
free laptop computer, apart from $12 fee for insurance. Due to this new computer
program, children spent the majority of their afterschool time playing computer games,
after finishing homework with the help of the afterschool program teachers. Further
studies are needed to examine the influence of a computer program on children’s
academic performance, physical activity, and obesity status. This new computer program
might be one confounder that influenced children’s physical activity and sedentary
activity levels in this study.
Only 13% of the children in this study met physical activity recommendations of
13,000 steps/day for boys and 11,000 steps/day for girls. Analysis of the national data
found that about 70% of children reported meeting recommended levels of physical
activity (Fakhouri et al., 2013), and 42% of children met recommended levels of physical
activity when using accelerometers to assess physical activity levels (Troiano et al., 2008).
Worldwide, about 24% of boys and 15% of girls meet physical activity recommendations
(Guthold et al., 2010). The low percentage of children in this study meeting physical
activity recommendations may be due to demographic characteristics of this vulnerable
population, or the inconsistent cut points of the transformation from pedometer steps to
moderate- or vigorous-intensity physical activity. It appears logical to conclude that
children in this study participated in the afterschool programs due to parents’ busy work
schedules, children’s learning difficulties and need for afterschool tutoring, or factors
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related to low socioeconomic status, thus, they might be more likely to have lower levels
of physical activity and higher rates of overweight or obesity. Afterschool programs aim
to provide children academic support rather than opportunities for physical activity.
Therefore, most opportunities for physical activity might occur in school time for this
study sample, and afterschool time may be a primary targeting opportunity for future
studies to improve physical activity levels in this group of children.
Regarding the decision on what number of pedometer steps is needed to decide
recommended levels of physical activity, Tudor-Locke (2011) suggested cut points of
13,000 steps/day for boys and 11,000 steps/day for girls. A recent study reexamined these
cut points for physical activity recommendations, and the findings suggested that 11,500
accelerometer steps per day and 9,000 pedometer steps per day for both boys and girls
provided a reasonable estimation of activity equivalent to 60 minutes of moderate- to
vigorous-intensity physical activity per day (Adams, Johnson, & Tudor-Locke, 2013).
When using 9,000 pedometer steps/day as the cut point, about 30.1% (n = 40) of the
children in this study met physical activity recommendations. Considering the nonconsistent cut points, more studies with larger sample sizes are needed to further examine
the cut points of using pedometer steps to assess American children’s status of meeting
physical activity recommendations.
On average, children in this study took about 7,868 pedometer steps per day, with
8,441 steps for boys and 7,197 steps for girls. On average, U.S. boys take about 13,000
accelerometer steps per day, and girls take about 12,000 accelerometer steps per day
(Tudor-Locke, Johnson, & Katzmarzyk, 2010), somewhat higher than levels among
Canadian children, 12,037 pedometer steps for boys and 10,587 pedometer steps for girls
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each day (Craig, Cameron, & Tudor-Locke, 2013). A study in 608 children from two
Mid-Western communities in U.S. found that children took an average of 11,665
pedometer steps, with 12,709 steps for boys and 10,834 steps for girls (Eisenmann et al.,
2007). Thus, children in this study had much lower physical activity levels than children
in the U.S. or Canada or even compared to other Midwestern communities. Seasonal
variation may be a confounding factor influencing children’s physical activity levels in
this study. Data in this study were collected from August 2013 to October 2013. The
mean temperature was 74.9º F (range: 52º-96º) in August, 69.5º F (range: 48º-96º) in
September, and 54.6º F (range: 26º-82º) in October (National Weather Service Weather
Forecast Office, 2013). Evidence suggests that children tend to take more steps in Spring
(February) compare to Winter (May) (Beighle, Alderman, Morgan, & Le Masurier, 2008).
The rolling enrollment method due to limited funding support used for data collection in
this study makes it impossible to avoid the seasonal variation. Future studies should
consider the confounding factor weather when assessing children’s physical activity
levels, especially in intervention studies. Based on the pedometer steps’ cut points for
boys and girls, about 60% of boys and 53% of girls were classified as sedentary in this
study, but based on the data reported by parents, about 90% of the children met the
screen-viewing time recommendation. These results also point out that parents may
underestimate their children’s screen-viewing time, or may carelessly read the question as
how many munities per day instead of per week.
Patterns of transportation from home to school were another factor in this study
that had a significant influence on children’s average pedometer steps. Unsurprisingly,
children who walked to school had the highest number of pedometer steps. These results
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are consistent with a study in Australia showed that children who walked to school had
more steps on weekdays but not on weekend days (Trapp et al., 2013). Almost half of the
children in this study went to school by car, consistent with previous study findings in the
U.S. (Trapp et al., 2013). Although getting to or from school provides the most universal
opportunity for children to participate in incidental physical activity (Committee on
Environmental Health, 2009), only about 19% of the children in this study walked or rode
a bicycle to school. A WHO study among 34 countries other than the U.S. found that the
percentages of boys who walked or bicycled to school ranged from 23% in the Cayman
Islands to 83% in China, and the percentages for girls ranged from 11% in United Arab
Emirates to 86% in China (Guthold et al., 2010). Built environment plays an essential
role in children’s transportation patterns from home to school. Therefore, this study
suggests that a more supportive and safer environment should be constructed to facilitate
children to walk or bicycle to school.
Obesity Status and Physical Activity
As discussed above, although this study did not find a significant relationship
between BMI percentile and pedometer steps, it did find that children’s BMI and BMI zscores were negatively correlated with pedometer steps. In addition, overweight or obese
children took fewer pedometer steps, and had fewer days of meeting physical activity
recommendations compared to non-overweight children. Similarly, a study in 608
children found that BMI was negatively correlated with pedometer steps, and children not
meeting physical activity recommendations were two times more likely to be overweight
or obese (Eisenmann et al., 2007). However, the negative correlation between physical
activity levels and BMI was found in only five out of 17 studies, mostly in studies when
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using pedometers or accelerometers to assess children’s physical activity levels (PrenticeDunn & Prentice-Dunn, 2012).
This study also did not find a significant relationship between screen-viewing
time and BMI based on the data reported by parents. Although most previous studies
indicate that there is a positive correlation between sedentary time and BMI, no
significant correlation is found when using accelerometer or direct observation methods
to assess children’s sedentary activity levels (Prentice-Dunn & Prentice-Dunn, 2012).
Therefore, it is recommended to further examine the relationships between physical
activity, sedentary activity and BMI by using objective methods to assess physical
activity and sedentary activity levels.
Considering the relationship between physical activity and obesity status,
evidence suggests that pedometer steps are more strongly correlated with body fat than
with BMI (Duncan et al., 2006). Moreover, a three-year longitudinal study in obese
children indicates that physical activity change is associated with BMI change over time,
but that the reduction in BMI is small even for the greatest increase in physical activity
(Trinh, Campbell, Ukoumunne, Gerner, & Wake, 2013). Therefore, this study suggests
that physical activity may have more influence on children’s body composition than on
BMI or losing weight when considering children’s body growth characteristics. Moreover,
when examining the relationship between physical activity and obesity status, more
reliable and valid measurements of body composition are needed for future studies.
Many methods have been developed to assess obesity status among children.
These methods can be categorized as direct measures or indirect measures. Direct
measures, such as densitometry (underwater weighing) and scanning using dual energy x-
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ray absorptiometry, are more accurate than indirect measures but expensive, time
consuming and not as practical, especially for large epidemiological studies (Kipping et
al., 2008). Indirect measures, such as waist circumference, skin fold thickness, and body
mass index (BMI), do not precisely assess children’s body composition (percent body fat),
and there is considerable variation across age, sex, and ethnicity (Dehghan & Merchant,
2008). BMI has been recommended as a method to screen for childhood obesity in
clinical practice and epidemiology (Moyer et al., 2005). However, the ability of BMI to
assess children’s obesity status differs between population groups, and there is argument
on using national BMI reference standards or international BMI reference standards
(Reilly, 2002). In addition, using BMI to assess children’s obesity status has high
specificity (95-100%), but low sensitivity (36-66%). By contrast, bioelectrical impedance
analysis (BIA) was found to be a reliable, inexpensive, and practical noninvasive indirect
method of assessing body composition (percent body fat, percent lean body mass and
percent body water) with minimal variability (Dehghan & Merchant, 2008). Though BIA
is inexpensive compared to other direct methods, it was still beyond the funds available
for this study. Nevertheless, BIA has the potentiality to be useful in screening for
childhood obesity in large epidemiology and studies in the future.
Though many methods have been developed to assess children’s obesity status,
more studies are needed to evaluate the specificity and sensitivity of each method. One
study in Chinese children indicates that population-specific measures have higher
sensitivity and lower specificity than international cutoff values of BMI (Fu et al., 2003).
Therefore, to avoid underestimation of the prevalence of childhood obesity, further
studies are needed focusing on exploring population-specific measures (or cutoff values).
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Reilly (2002) indicated that it was premature and might be clinically harmful to use a
universal definition of childhood obesity now, thus there is a need to explore a more
complex approach to defining childhood obesity rather than the simpler universal
approach now used most widely.
Determinants of Physical Activity
Parental influence. The positive relationship between physical activity and
children’s perceived parental influence was supported by the findings of this study and is
congruent with other studies (Beets, Cardinal, et al., 2010). However, only a few studies
have examined the influencing mechanisms of perceived parental influence on children’s
physical activity (Trost et al., 2003). Though some researchers suggest that physical
activity self-efficacy, attraction to physical activity, or perceived competence mediate the
relationship of parental influence with physical activity; no researcher has suggested that
parental influence may be the mediator. This is the first study finding evidence that
perceived parental influence partially mediates the relationships of physical activity selfefficacy and physical activity enjoyment with physical activity (Figure 5 Model B and
Figure 6 Model B). Children are not independent agents. Even though they have very
high confidence and intention to perform physical activity, they may not have access to
exercise facilities due to lack of transportation, or they may lack parental encouragement.
Parental influence including support and role modeling may bridge the gap between
children’s intention and behavior. The Cognitive Dissonance Theory in social psychology
may provide another explanation of the mediating role of perceived parental influence
between physical activity self-efficacy, physical activity enjoyment, and physical activity
(Festinger, 1962). This theory proposes that people want to reduce the dissonance

165

between beliefs that contradict with one another, or people want to be consistent with
their beliefs (Festinger, 1962). Evidence has suggested that the drive to reduce cognitive
dissonance emerge without the need for much life experience, even in preschoolers (Egan,
Santos, & Bloom, 2007). Children who have high physical activity self-efficacy and
physical activity enjoyment levels may perceive their parents as supporting them
participating in physical activity because this will be consistent with their own beliefs.
Different from the YPAP model, and other study findings, this study found that
perceived parental support had direct effects on self-reported physical activity levels, and
mediated the relationships of physical activity self-efficacy and physical activity
enjoyment with self-reported physical activity levels (Figure 5 Model D). A study in 174
children indicated that parents’ self-reported support had indirect influence on children’s
self-reported physical activity levels through children’s physical activity self-efficacy
(Leary, Lilly, Dino, Loprinzi, & Cottrell, 2013). Similarly, another study in 418 children
found that parents’ self-reported support had only indirect effect on children’s selfreported physical activity levels through children’s physical activity self-efficacy (Trost
et al., 2003). Unlike these two studies, children in this study completed the PAIS
measuring parental influence. In other words, parental influence is children’s perceptions
in this study rather than parents’ perceptions. Children’s perceptions of parental support
may be different from parents’ perceptions of support. In other words, parents may
perceive that they have provided support for their children to participate in physical
activity, but children may not realize or may not actually receive support. Further studies
are needed to explore how children’s perceptions of parental support differ from parents’
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perceptions of support in child-parent dyads, and how these supports influence children’s
physical activity levels.
Perceived parental support, including parental encouragement, parental
involvement, and parental facilitation, seems to have more influence on children’s selfreported physical activity levels (Figure 5 Model D), while perceived parental role
modeling had more influence on children’s average number of pedometer steps (Figure 6
Model F). Some evidence indicates that parental role modeling, measured by parental
self-reported physical activity levels, does not have direct effect on children’s selfreported physical activity levels (Trost et al., 2003). This may be explained by this study
finding that perceived parental role modeling had indirect effect on self-reported physical
activity levels through physical activity self-efficacy and physical activity enjoyment
(Figure 5 Model E). However, a family-based intervention study found that both father
and mother’s pedometer steps predicted their child’s pedometer steps on the same day,
and that the mother had more effect on children’s pedometer steps, especially on
weekends (Holm, Wyatt, Murphy, Hill, & Odgen, 2012). This study found that perceived
parental role modeling had direct effect on children’s pedometer steps, and mediated the
relationship of physical activity self-efficacy with pedometer steps (Figure 6 Model F).
To further examine the relationship between parental role modeling and physical activity,
more reliable and valid physical activity measurement for children and parents should be
used.
Although this study found that perceived parental influence partially mediated the
relationships of physical activity self-efficacy and physical activity enjoyment with
physical activity, more studies with larger sample size are needed to confirm this finding.
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A review of the correlates of children’s physical activity concluded that: about 44% of
the previous studies examined found a positive correlation between self-efficacy and
physical activity, 38% found a positive correlation between parental role modeling and
physical activity, 50% found a positive correlation between parental participation with
physical activity, 31% found a positive correlation between parental encouragement and
physical activity, and 25% found a positive correlation between parental facilitation and
physical activity (Sallis et al., 2000). Only a few studies have examined the mediators
and moderators between the determinants of physical activity and physical activity
(Bauman, Sallis, Dzewaltowski, & Owen, 2002). In addition, most studies testing the
YPAP model used multiple regression models to examine the relationship between the
determinants of physical activity and physical activity (King et al., 2011; Welk et al.,
2003) or did not find an adequately fitted model (Wattanasit, 2009). Thus, more efforts
are needed to further study the potential mediators and moderators to better understand
the influencing mechanisms of the determinants on physical activity by using SEM.
The role of adults rather than parents in parental influence should be also
considered. During data collection, the investigator found that some grandparents picked
up their grandchildren from afterschool programs; and in some families, grandparents
were the primary caregivers for grandchildren. There are growing numbers of
grandchildren living with their grandparents, about one in 14 U.S. children in 2010
(Scommegna, 2012). One study in 99 Hispanic children and parents found that
grandparents served a protective role for childhood obesity (Pulgaron, Patino-Fernandez,
Sanchez, Carrillo, & Delamater, 2013). Evidence indicates that grandparents’ BMI is
positively correlated with grandchildren’s BMI, but negatively correlated with
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grandchildren’s physical activity levels (Polley, Spicer, Knight, & Hartley, 2005). In
addition, grandparents’ physical activity levels are negatively correlated with
grandchildren’s TV viewing time (Polley et al., 2005). Thus, grandparental role modeling
may play a significant role in promoting healthy behaviors and controlling obesity in
children. However, limited consistent evidence exists to confirm the influence of
grandparents on grandchildren’s healthy behaviors, thus more studies are needed to
examine the effects of grandparental influence on grandchildren’s healthy behaviors,
especially considering the growing numbers of children living with grandparents.
Examining the correlates of grandparental influence with children’s healthy behaviors is
essential for designing an effective lifestyle program to promote physically active
lifestyle and control obesity in children living with their grandparents.
Physical activity enjoyment. For children, physical activity enjoyment is a
primary motivation for them to be physically active (Moore et al., 2009). In this study,
physical activity enjoyment had the strongest effect on self-reported physical activity
levels, but not on pedometer steps. As discussed before, children tend to overestimate
their physical activity levels, thus the strongest influence of physical activity enjoyment
on self-reported physical activity levels may be due to children’s overestimation of their
physical activity levels. Nevertheless, the most frequently reported reason for children to
participate in physical activity is ‘fun’ (Borra, Schwartz, Spain, & Natchipolsky, 1995).
Video games that are both fun and active, requiring physical activity, especially lower
body movement, have been shown to increase energy expenditure and hear rate (Biddiss
& Irwin, 2010). Therefore, future studies may consider physically active video games
that are played using both upper and lower body movement as an intervention to improve
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children’s self-directed physical activity levels. For intervention studies aimed at
improving children’s physical activity levels, fun physical activity activities and games
are recommended to motivate children to participate and retain in studies. Researchers
need to be aware that physical activity enjoyment may be one important factor to
motivate children to start performing physical activity. However, physical activity
enjoyment may be not continuous as a primary factor in maintaining children a lifelong
pattern of physical activity, because enjoyment levels decrease over time especially when
children lose interest in performing activities that are no longer novel. Therefore, when
designing physical activity programs, children’s own interests and their past physical
activity experience should be considered. Building in change in programs through using a
variety of activities and allowing choices among several activities at any given time is
recommended for future physical activity interventions.
Physical activity self-efficacy. Physical activity self-efficacy is the most widely
reported determinant of physical activity in children (Annesi et al., 2010). Some evidence
indicates that an intervention that targets physical activity self-efficacy can improve
children’s physical activity levels (Salmon, Brown, & Hume, 2009). This study found
that physical activity self-efficacy had the second strongest effect on self-reported
physical activity levels after physical activity enjoyment, and had indirect effect on
pedometer steps through perceived parental influence. For self-reported physical activity
levels, physical activity self-efficacy influenced children’s physical activity both directly
and indirectly through parental influence in this study. Although children may have had
the skills and confidence to perform physical activity, parental influence is the partial
mediator that helps transform thought into behavior. The positive relationship between
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physical activity self-efficacy and physical activity was supported by this study, but
findings from this study emphasized the role of parental influence as a partial mediator in
this relationship. Findings from a previous study indicate that physical activity selfefficacy is the partial mediator between parental influence and physical activity (Leary et
al., 2013). More studies in larger samples should be conducted to further examine the
mediators of the relationship between the determinants of physical activity and physical
activity to provide essential information for physical activity intervention design and
explanations of the effects of interventions on improving children’s physical activity
levels.
Environment. No significant relationship was found between perceived
environment and physical activity. Environment in this study was assessed by a modified
self-report 5-item scale, which may have resulted in an inaccurate estimation of
children’s living and school environments. Another study in 650 children found that a
favorable social environment such as safety was positively correlated with children’s
self-reported physical activity levels, while physical environmental factors such as access
to facilities was not correlated with physical activity after controlling for demographic
factors (Franzini et al., 2009). This study found that only children’s transportation pattern
to school influenced their average pedometer steps. To better understand the relationship
between environment and physical activity in elementary school children, Geographic
Information System (GIS) might be used to assess children’s living environment to more
precisely evaluate its effect on physical activity.
Constructing supportive environments for children’s physical activity is time
consuming and costly, and requires the support of stakeholders such as governing bodies
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and policy makers. Especially for the physical environment, constructing a favorable
physical activity environment does not guarantee that children will have access to the
facilities or that they will use the facilities. However, evidence indicates that the
percentages of park areas within neighborhoods increase children’s physical activity
levels (Roemmich et al., 2007). Although environmental change is slow and needs
support from parents, teachers, and other advocates of children’s health, the influence is
life lasting and will benefit one generation after another.
Summary. Children’s perceived parental influence has significant direct effect on
both self-reported physical activity levels and pedometer steps, and partially mediates the
relationships of physical activity self-efficacy and physical activity enjoyment with
physical activity. Therefore, based on this study’s findings, parental influence is the
primary factor for targeting in future physical activity interventions in elementary school
children, followed by physical activity enjoyment and then physical activity self-efficacy.
In addition, perceived parental support, including parental encouragement, facilitation
and involvement, seems to have more effect on self-reported physical activity levels,
while perceived parental role modeling has a greater effect on average pedometer steps.
The non-significant relationship between perceived environment and physical activity
calls for more studies to examine this relationship using GIS to assess children’s living
environment.
Implications for Research, Practice, and Policy
Research
Most health behavior promotion models used in children were developed for
adults (Welk, 1999). This study’s findings support the hypothesis that theories that can be
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applied in adults or adolescents may not be suitable for children. Children are not
independent agents, considering their financial, physical and emotional needs. Especially
for young children, although they may be very confident of their ability to perform
physical activity and may enjoy doing physical activity, they cannot participate in
physical activity without parental support such as access to equipment and transportation.
Therefore, further studies are needed to develop more effective health behavior
promotion models to guide healthy lifestyle interventions among children.
In the U.S., about 15.1 million (1 out of 4) children need to take care of
themselves between the time they get home from school and the time their parents get
home from work (Afterschool Alliance & JCPenny Afterschool, 2009), even though
children’s self-care behaviors are correlated with a high prevalence of accident, injury,
risk behaviors, and poor academic performances (Vandivere, Tout, Zaslow, Calkins, &
Capizzano, 2003). Children spend about 70% of their recess time on physical activity, but
only about 20% of afterschool time is spent on physical activity (Beighle, Morgan, Le
Masurier, & Pangrazi, 2006). In addition, children’s sedentary activity after school
increases while physical activity decreases over time (Arundell et al., 2013). Although
children spend 70% of their recess time on physical activity, the physically active time
from recess is only about 1/8 of their total physically active time (Beighle et al., 2006).
An afterschool time provides a great opportunity for children to be physically active; thus,
there is a need to target children’s afterschool time to increase their performance of
moderate- and vigorous-intensity physical activity. This study found that children
attending afterschool program were more likely to be overweight or obesity, and to
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participate in lower levels of physical activity compared to national averages. Therefore,
more attention should be focused on this vulnerable population to promote their health.
In addition, this study suggests that parental influence including parental support
and role modeling is the partial mediator of the relationship between physical activity
self-efficacy, physical activity enjoyment, and physical activity levels in children
attending afterschool programs. Future studies should target parents’ influence to
improve children’s physical activity levels. For physical activity interventions, if only
children are involved instead of both children and parents, the interventions may not have
the expected effect due to the lack of mediating effect of parental influence. In addition,
future studies are needed to examine the influencing mechanisms of parental influence on
children’s physical activity levels, especially in intervention studies.
In order to better target parental influence to improve children’s physical activity
and control childhood obesity, studies aimed at examining the barriers for parents to be a
positive role model or supporter are needed. Future interventions to control childhood
obesity should teach parents how to become a positive role model, and should identify
the kinds of support parents need to provide to assist their children to be more active and
healthier. Considering the significant effect of parental influence on children’s physical
activity levels, more reliable and valid instruments are needed. However, no
comprehensive and accepted measurement instrument exists to assess parental influence
on children’s physical activity (Sleddens et al., 2012). To better target parental influence
to improve physical activity levels and control childhood obesity, a multidimensional
measurement based on theory should be developed or modified and tested from existing
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measurements to accurately assess parental influence on children’s physical activity
performance.
Practice
For health care providers working in clinics or schools, like pediatric medical
practices, schools, community centers, and public health centers, providers should deliver
health education to children’s parents about the benefits of physical activity for children
and the influence parents have on children’s physical activity levels. Many parents know
the benefit of physical activity on children’s physical health, but they may not realize that
physical activity also can improve children’s cognitive functions such as task attention,
and interference control (Chaddock-Heyman et al., 2013). By providing support and
being a good role model, parents can strongly influence their children’s physical activity
levels.
The U.S. Preventive Services Task Force (USPSTF) suggests that health care
professionals should screen for obesity among children aged 6 years and older, and refer
obese children for counseling and interventions (U.S. Preventive Services Task Force,
2010). This is a grade B recommendation, which means it is highly certain that the net
benefit would be moderate. Considering the high percentage of overweight and obesity in
this study sample, health care providers should advocate for this recommendation, screen
for childhood obesity to identify children’s weight problems in a time manner, and refer
overweight or obese children to an effective and fun healthy lifestyle program. Most
parents and children in this study reported not knowing their children’s height and weight,
because children usually did not receive yearly physical assessment in clinics or schools.
Thus, health care providers should work with schools to provide convenient health
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assessment to elementary school children, and provide quality health promotion
interventions to children.
When designing healthy lifestyle programs to improve children’s physical activity
levels and control childhood obesity, health care providers should realize that to target
children, they must also target children’s parents, because parents are the primary
influence on elementary school children’s physical activity levels. Most parents agree
that their child’s health care providers are very helpful in keeping their child healthy, but
they feel left out of the conversation during clinic appointments (Lowenstein, Perrin,
Berry, et al., 2013). The relationship between parents and health care providers affects
whether parents will discuss children’s weight, diet and physical activity with health care
providers, or will use their influence to increase children’s physical activity levels.
Although health care providers feel very confident in providing counseling on weight,
healthy diet, and physical activity to children’s parents (Lowenstein, Perrin, Campbell, et
al., 2013), the ‘left out’ conversation between heath care providers and parents may
hinder the effective delivery of information from health care providers to parents.
Therefore, health care providers should work closely with children’s parents to deliver
quality practices to improve children’s healthy behaviors and reduce childhood obesity.
When evaluating physical activity programs aimed at improving physical activity
levels and controlling childhood obesity in primary care settings, the study findings on
compliance rate, reliability and reactivity of wearing pedometers in elementary school
children provide valuable information supporting health care providers to use pedometers
to more accurately assess children’s physical activity levels. Moreover, suggestions and
recommendations on the measurements of obesity status in this study can help heath care
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providers to select the most reliable, valid and sensitive measures to screen for childhood
obesity.
Policy
Considering the high prevalence of overweight and obesity in this study sample,
effective policy strategies should be established to help screen for childhood obesity and
diminish the childhood obesity epidemic in this disadvantaged population. Health care
professionals should play the role of advocacy to promote childhood obesity prevention
policies at the local (school and community), state and national levels. The AAP Policy
Opportunities Tool was developed to summarize potential policy strategies to promote
healthy, active living and eating habits, and control the childhood obesity epidemic
(American Academy of Pediatrics [AAP], 2012). Health care professionals should use the
AAP policy tool to guide and facilitate their advocacy job. The AAP Tool provides
hospitals, schools, communities, states, and local governments a variety of policy
strategies and resources to increase healthy eating habits, physical activity, BMI
screening, and breastfeeding; and to decrease sedentary activity, and unhealthy beverage
consumption among children. These strategies include physical education and physical
activity programs, safe physical environments, farmer’s markets, media campaigns,
free/reduced cost lunch and afterschool meal programs, school wellness policies, and
government policies at all level, which can benefit nationwide childhood obesity
prevention efforts. To improve healthy behaviors and promote health in children
attending afterschool programs, obesity screening policy and afterschool program policy
are further discussed in this section.

177

Childhood obesity screening policy. Though the USPSTF suggests health care
providers screen for childhood obesity in primary care settings, only three states enacted
this policy into law in 2010 (The National Conference of State Legislatures, 2010).
Children spend the majority of their daily time at school, so some researchers suggest that
schools should take the responsibility of screening for childhood obesity (Kubik,
Fulkerson, Story, & Rieland, 2006). Considering time and cost, BMI is usually used to
assess children’s obesity status, though it has been shown to be less accurate for children
than for adults (Ikeda, Crawford, & Woodward-Lopez, 2006). Although accuracy and
confidentiality are concerns of childhood obesity screening, the majority of parents want
to receive regular feedback about their children’s weight status (Thompson & CardHigginson, 2009). Moreover, children’s parents are more aware of their children’s weight
status and healthy behaviors if they receive specific information on their children’s BMI
(Thompson & Card-Higginson, 2009).
Though childhood obesity screening programs and legislation receive support
from parents, the effect of screening programs has not been conclusively demonstrated
(Soto & White, 2010). Concerns still exist such as stigma, poor body image, and teasing
related to screening children for obesity, so a protective environment is needed for the
screening process. During data collection in this study, many young children who were
not eligible to participate in this study wanted to get their height and weight measured.
All the children in this study except two overweight/obese girls actively got their height
and weight measured. The two girls were concerned that other children would see their
height and weight on their copies of the pedometer logs. As a result, these two girls’
heights and weights were recorded only in the investigator’s pedometer logs. School staff,
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especially school nurses should be prepared to advocate for developing and implementing
childhood obesity screening and reporting programs which are sensitive to children’s
developmental needs, to conduct and evaluate healthy lifestyle programs for high risk
children, and especially to follow up with children at-risk related to their parents’
responses to their children’s weight problems and children’s weight lost progress. To
control the current childhood obesity epidemic, childhood obesity screening is needed to
first identify overweight or obese children, and then to refer them to an effective lifestyle
program in a timely way before they develop obesity-related health problems. To
effectively advocate for legislation to require childhood obesity screening, more studies
are needed to find evidence related to the effectiveness of screening programs in
preventing and controlling childhood obesity, and a cost-effective and culturally sensitive
measurement procedures with high specificity and sensitivity is also needed to facilitate
the screening.
Afterschool program standards and policy. Afterschool programs provide an
important opportunity for children to learn about health knowledge, to eat healthy
afterschool snacks, and to be physically active, but no mandate for national standards or
policies exist to guide practices of afterschool programs. Evidence has suggested that
incorporating physical activity into afterschool programs has immediate and lasting effect
on improving children’s physical activity levels and controlling childhood obesity (Beets,
Beighle, Erwin, & Huberty, 2009). However, only 30% of the afterschool programs have
explicit documentation on promoting physical activity opportunities in afterschool
settings, and only four states outline the specific standards and guidelines, including staff
training and development planning and evaluation plans, for establishing a supportive
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environment for promoting physical activity in afterschool programs (Beets, Wallner, &
Beighle, 2010). Therefore, there is a great deal of room for improvement to incorporate
physical activity into afterschool programs.
Although the National AfterSchool Association developed the national
afterschool standards and guidelines in 2011 in accordance with the Healthy, HungerFree Kids Act of 2010 (The White House: Office of the Press Secretary, 2010), in
practice each afterschool program usually develops their own standards and guidelines
instead of adopting the national guidelines due to costs and lack of training (Wiecha, Hall,
Gannett, & Roth, 2011). Evidence indicates that the majority of children attending
afterschool programs, including children in this study, fail to obtain sufficient
opportunities for physical activity to meet policy benchmarks (Beets, Rooney, Tilley,
Beighle, & Webster, 2010). Moreover, menus for snacks served in afterschool programs
are very often high in calories, added fats, and sugars, but nearly void of fresh fruits and
vegetables (Coleman, Geller, Rosenkranz, & Dzewaltowski, 2008). Thus, even with
recommendations outlining the guidelines and standards for quality afterschool programs,
the practices of most afterschool programs are far from meeting standards. A recent study
found that many afterschool programs adopted written policies but without specific
guidelines and processes, the policies actually resulted in a decrease of physical activity
and an increase of sedentary activity (Beets, Huberty, et al., 2013). However, allocating a
specified percentage of time in an afterschool program’s schedule to physical activity and
providing attractive physical activity opportunities to children in afterschool programs
strongly increases children’s physical activity levels (Beets, Huberty, et al., 2013).
Therefore, a written policy itself does not have any significant influence on promoting
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physical activity among children attending afterschool programs, instead, how the
afterschool program organizes and implement policy matters most.
Beets, Webster and colleagues (2013) developed a conceptual framework to guide
afterschool programs to translate national standards and policies into daily practices to
effectively meet policy benchmarks. This framework outlines the influence of policy
environment (national, state and local levels), afterschool programs staff, and
organizational partnerships on children’s behaviors. To improve children’s physical
activity and healthy eating behaviors in afterschool programs, all these partners must
work together to translate guidelines and standards into daily practice schedule. More
work is still needed to evaluate the application and effectiveness of this conceptual
framework on promoting the quality of afterschool programs’ practice.
Limitations
One limitation of this study is the cross-sectional design, which only provides
information at one time point. Thus, the relationships among the determinants and
physical activity are not causal relationships. Although the study findings do not prove a
causal relationship, they do point out the primary effect of parental influence on
children’s physical activity and its role as a partial mediator in the relationships of
physical activity self-efficacy and physical activity enjoyment with physical activity.
As discussed before, the seven-day physical activity scale may result in recall bias.
As a result, children may overestimate their physical activity levels. Using objective
measurement to assess children’s physical activity levels is recommended. Moreover, the
environment was assessed by a self-report 5-item scale, though the scale has good
reliability and construct validity. Children may have difficulty identifying the safety of
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their living environment in the neighborhoods. Using GIS to assess children’s living
environment is suggested for further studies to more directly examine the relationship
between environment and physical activity. Although all self-report scales used in this
study have good internal consistency reliability and test-retest reliability, the construct
validity of the PASES, PACES, and PAIS is questionable. Especially, the negatively
worded questions influence the factorial structure of the PACES and PAIS, and are hard
for elementary school children to understand. Further work is needed to evaluate the
validity of these scales in a larger sample of children.
In this study, children completed the self-report surveys with the investigator
reading each question, so investigator effects may exist. Children might try to answer
positively to please the investigator or avoid embarrassment. Though no reactivity of
wearing pedometers was found in this study, overweight or obese children did have
difficulty keeping the pedometers in a vertical plane, and pedometers will not record
steps if the pedometers are not in an upright position. In addition, children could and may
have shaken the pedometers to increase the number of steps or make up numbers on the
pedometer logs. All of these recording error and sources of bias are very hard to avoid,
but this study attempted to reduce bias and error through providing easily understood
guidelines and working to build trust with the children.
The study sample was recruited from ten elementary schools with afterschool
programs from the Greater Clark County, IN. Generalizability of the study findings to
children not involving in the afterschool programs, or to children in other locations is
limited. Though the generalizability is limited, findings from this study do point out the
need to conduct more research and increase attention to children attending afterschool
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programs to improve health, establish lifelong healthy behaviors, and promote the health
of the large numbers of children in afterschool programs.
Conclusions
This study successfully examined the four primary determinants of physical
activity among elementary school children attending afterschool programs: physical
activity self-efficacy, physical activity enjoyment, parental influence and environment.
All self-report scales used in this study have acceptable internal consistency reliability
and test-retest reliability, although their construct validity is less than satisfactory. Using
pedometers to assess children’s physical activity was shown to be feasible and reliable,
and no evidence of reactivity of wearing pedometers was found. Based on the findings in
this study, four consecutive days, including three weekdays and one weekend day, are
recommended to assess elementary school children’s physical activity for future studies.
Considering the high percentage of overweight and obese children, and low levels
of physical activity, children attending afterschool programs are a vulnerable population
in need of more attention to improve their healthy behaviors and promote overall health.
For Hispanic children who have an unemployed or part-time employed father, or a
mother with a low education level, their odds to be overweight or obese are high.
Overweight and obese children take fewer pedometer steps compared to non-overweight
children, and children’s pedometer steps are negatively related to children’s BMI. Thus,
improving children’s physical activity levels has the potential to help control the current
childhood obesity epidemic. Patterns of transportation from home to school provide an
important opportunity for children to be active, but more supportive environments are
necessary to facilitate children to safely walk or bicycle to school.
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Unlike the theoretical model and previous study findings, the SEM models
indicate that children’s perceived parental influence partially mediates the relationships
of physical activity self-efficacy and physical activity enjoyment with physical activity.
Perceived parental support seems to have more influence on self-reported physical
activity levels, while perceived parental role model has greater influence on average
pedometer steps. Including the indirect effect derived through parental influence, physical
activity enjoyment has the strongest effect on self-reported physical activity levels,
followed by physical activity self-efficacy. Differing from self-reported physical activity
models, perceived parental influence has the strongest effect on average pedometer steps,
and partially mediates the relationship between physical activity self-efficacy and average
pedometer steps.
This is the first study to suggest that parental influence is an important mediator
between the determinants of physical activity and the actual performance of physical
activity in elementary school children attending afterschool programs. For elementary
school children, parents influence children’s physical activity levels by providing support
through encouragement, facilitation, and involvement, and role modeling. More studies
with larger sample sizes are needed to confirm this study’s findings. For further health
lifestyle interventions to improve children’s physical activity levels and control childhood
obesity, parental influence including parental support and parental role modeling is the
primary targeting factor, followed by physical activity enjoyment and physical activity
self-efficacy.
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APPENDICES
Appendix A
Reliability and Validity of Self-report Instruments for Assessing Physical Activity in Children
Instrument
Self-Report of
Aerobic Activity

Characteristics
 Self-administered, daily
recall.
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 Assess duration of
participation in different
types of activities.

Reliability

Validity

Overall: Unknown

Overall: Acceptable

Sample: Children, Grade 3
to 6 (N = 78)

Sample: Children, Grade 3 to 6
(N = 24)

 Compared two formats
of scale  daily selfreport and weekly
retrospective report

 The daily self-report form was
compared with continuous
observation of behaviors by
investigators.

 Energy expenditure can
be calculated from data
on duration and intensity
of activity.
 No meaningful results
were obtained among
children.
 Does not explore time
spent engaged in
sedentary behaviors.

 The activity level recorded by
the daily self-report form was
consistent with the activity
level observed by investigator.

Reference
(Baranowski et
al., 1984)

Instrument

Characteristics

Interviewer Intervieweradministered
administered, previous
Physical Activity
day recall of physical
Checklists (PACI)
activity before, during
and after school.
 Provides a total estimate
of the number of
minutes spent engaged
in activities.
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 Measures time spent
engaged in sedentary
behaviors.
 Measures time spent in
moderate to vigorous
activity.
 MET score is calculated
from data on time and
intensity of activities.

Reliability

Validity

Overall: Moderate

Overall: Low to Moderate

Sample: Children, Grade 5
(N = 97)

Sample: Children, Grade 5
(N = 97)

 Intraclass correlations
based on comparisons of
the results from the selfadministered and
intervieweradministered recalls
where the only
difference between the
two was the method of
administration:
ICC (range): 0.64-0.79.

Validated against:
 Heart rate monitoring and
number of activities (r = 0.22).
 Heart rate monitoring and
minutes of moderate to
vigorous activity (MVPA)
(r = 0.50).
 Heart rate monitoring and
MVPA METs (r = 0.52).
 Accelerometer and number of
Activities (r = 0.10).
 Accelerometer and minutes of
MVPA (r = 0.32).
 Accelerometer and MVPA
METs (r = 0.36).

Reference
(Sallis et al.,
1996)
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Instrument

Characteristics

Self-administered
Physical Activity
Checklists
(SAPAC)

 Self-administered,
previous day recall of
physical activity before,
during and after school.

Overall: Moderate

Overall: Low to Moderate

Sample: Children, Grade 5
(N = 97)

Sample: Children, Grade 5
(N = 97)

 Provides a total estimate
of the number of
minutes spent engaged
in activities.

Validated against:
 Intraclass correlations
based on comparisons of  Heart rate monitoring and
the results from the selfnumber of activities (r = 0.28).
administered and
interviewer Heart rate monitoring and
administered recalls
minutes of moderate to
where the only
vigorous activity (MVPA)
difference between the
(r = 0.58).
two was the method of
administration:
 Heart rate monitoring and
ICC (range): 0.64-0.79.
MVPA METs (r = 0.60).

 Measures time spent
engaged in sedentary
behaviors.
 Measures time spent in
moderate to vigorous
activity.
 MET score is calculated
from data on time and
intensity of activities.

Reliability

Validity

 Accelerometer and number of
Activities (r = 0.02).
 Accelerometer and minutes of
MVPA (r = 0.30).
 Accelerometer and MVPA
METs (r = 0.32).

Reference
(Sallis et al.,
1996)

Instrument

Characteristics

Seven-day
Physical Activity
Recall (PAR)

 Interview-administered,
7-day recall of physical
activity at various
intensity levels—sleep,
moderate, hard and very
hard.

Overall: Low to Moderate

Overall: Moderate

Sample: Children, Grade 5
(N = 36)

Sample: Children, Grade 5
(N = 36)

Test-retest (2 week):

 Assess time spent
engaged in sedentary,
moderate, hard and very
hard activity on
weekday and weekend.







Hours of recalled very hard
activity were significantly
correlated with:
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 MET score is calculated
from data on time and
intensity of activities.

Reliability

r = 0.47 (Total)
r = 0.51 (Sleep)
r = 0.13 (Moderate)
r = 0.11 (Hard)
r = 0.36 (Very Hard)

Validity

 Minutes in intervals with
HR≥140 (r = 0.33).
 Minutes in intervals with
HR≥160 (r = 0.29).

References
(Sallis, Buono,
Roby, Micale, &
Nelson, 1993)

Instrument
Physical Activity
Questionnaire for
Older Children
(PAQ-C)

Characteristics
 Self-administered, 7day recall.
 Activities are presented
on a 5-point Likert
scale.
 Assesses frequency of
participation in
different types of
activities rather than
duration.
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 Includes activities
performed both in and
out of school.
 Segregates weekday
participation from
weekend participation.
 Does not explore time
spent engaged in
sedentary behaviors.

Reliability

Validity

Overall: High

Overall: Moderate

Sample: Children,
aged 9 to 15 Years
(N = 215)

Sample: Children, aged 8 to 13 Years
(N = 83/97)

Cronbach’s alpha:
 0.83 (all)
 0.83 (females)
 0.80 (males)
Sample: Children,
aged 9 to 14 Years (N
= 84)
Cronbach’s alpha:
 0.79 (Time 1)
 0.89 (Time 2)
Test-retest (1-week):
 r = 0.75 (males)
 r = 0.82 (females)

Validated against:
 Activity rating (r = 0.57/ 0.63).
 Week summation of Moderate to
Vigorous Physical Activity (r = 0.53).
 Athletic competence (r = 0.48).
 Teacher’s rating of physical activity
(r = 0.45).
 Leisure Time Exercise Questionnaire
(r = 0.41).
 Canadian home fitness test (r = 0.28).
 Seven-day Recall Interview (r = 0.46).
 Caltrac motion sensor (r = 0.39).

References
(Crocker et al.,
1997;
Kowalski et al.,
1997)

Instrument
Fels Physical
Activity
Questionnaire
(PAQ)

Characteristics
 Self-administered scale
to assess habitual
physical activity.

Reliability
Overall: Moderate

Overall: Low to Moderate

Sample: Elementary
students (N = 77)

Sample: Elementary students
(N = 77)

 Three “open” questions
Cronbach’s Alpha:
assessing the types and
frequency of activities in  0.70 (Total)
the last year.
 0.64 (Sport)
 0.54 (Leisure)
 Five Likert-scale
 0.48 (Work)
questions evaluating
physical activity.
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 Provide a total physical
activity score along with
scores for catalogs of
sport, leisure and work
activity.

Validity

Accelerometer were significantly
correlated with:
 Total score (r = 0.34)
 Sport score (r = 0.32)
 Leisure score (r = 0.28)

Reference
(Treuth, Hou,
Young, &
Maynard, 2005)

Appendix B
Demographic Information Questionnaire
1.

Your child’s age:

Years old

2.
3.

-Hispanic

4.

Your child’s race:

5.

How many children do you have?

6.

What is your marital status?

7.

How much is the annual family income last year?
-$29,999
-

8.

Is father employed?

9.

Is mother employed?

10.

What is the father’s education level?
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11.

What is the mother’s education level?
igh school graduate

12.

During the school year, how does your child go to school for most of the days?
 Walk

13.

 Bicycle

 Car

During the school year, what following activities does your child do?
 Watching TV/DVDs

14.

 School Bus

 Playing video games

 Using computer

During the school year, how many minutes per week does your child spend on the
above activities?

Minutes
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Appendix C
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Appendix D
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Appendix E
Pedometer Log
Child’s height: _______________ Centimeters
Child’s weight: _______________ Kilograms
Time and Date the pedometer was first worn by child____________________________
Instructions:
(1) Fill out the box below each night before you go to bed.
(2) Do not wear the pedometer in the shower, bath, or while swimming.

Day

Date

Time Recorded

Day 1
Day 2
Day 3
Day 4
Day 5
Day 6
Day 7
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Number of Steps

Parents and Guardians:
In the morning of every day on weekend:
(1) Attach/Clip the pedometer to the belt or waistband of child’s clothing as he or she
gets dressed. This will ensure that the pedometer captures steps for as close to a
full day as possible.
(2) Make sure the pedometer has been reset to zero steps.

At night (before bedtime) of every day on weekend:
(1) The pedometer should be removed before bedtime.
(2) Record the date, time, and number of steps the child took that day.
(3) Once that day’s steps have been written down on this sheet, the pedometer should
be reset to zero.
(4) Place the pedometer in a safe place where the child will remember to put it on the
next day morning.

After Day 7, child should return the pedometer to the teacher/researcher.

If the child is sick during one or more days that he or she is supposed to be wearing
the pedometer:
(1) Mark it in the third column (number of steps) of the above table.
(2) Steps do not need to be recorded if the child is sick.
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Appendix F
Physical Activity Questionnaire for Older Children
We are trying to find out about your level of physical activity from the last 7 days
(in the last week). This includes sports or dances that make you sweat or make your legs
feel tired, or games that make you breathe hard, like tag, skipping, running, climbing, and
others.
Remember:
1. There are no right and wrong answers — this is not a test.
2. Please answer all the questions as honestly and accurately as you can — this is very
important.

1. Physical activity in your spare time: Have you done any of the following activities in
the past 7 days (last week)? If yes, how many times? (Mark only one circle per row.)
7 times
No

1-2

Skipping ......................................
Rowing/canoeing ......................
In-line skating ..........................
Tag .......................................
Walking for exercise ...................
Bicycling ................................
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3-4

5-6

or more

Jogging or running ....................
Aerobics .................................
Swimming ...............................
Baseball, softball ......................
Dance ....................................
Football ..................................
Badminton ...............................
Skateboarding ..........................
Soccer .....................................
Street hockey ............................
Volleyball ................................
Floor hockey ...........................
Basketball ................................
Ice skating ................................
Cross-country skiing ..................
Ice hockey/ringette .....................
Other:
_________________________....
_________________________....
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2. In the last 7 days, during your physical education (PE) classes, how often were you
very active (playing hard, running, jumping, throwing)? (Check one only.)
I don’t do PE .....................................................….
Hardly ever .........................................................
Sometimes ..........................................................
Quite often ..........................................................
Always ................................................................
3. In the last 7 days, what did you do most of the time at recess? (Check one only.)

Stood around or walked around ..........................
Ran or played a little bit ......................................
Ran around and played quite a bit .......................
Ran and played hard most of the time ................
4. In the last 7 days, what did you normally do at lunch (besides eating lunch)? (Check
one only.)
Sat down (talking, reading, doing schoolwork).…
Stood around or walked around ..........................
Ran or played a little bit ......................................
Ran around and played quite a bit .......................
Ran and played hard most of the time ................
5. In the last 7 days, on how many days right after school, did you do sports, dance, or
play games in which you were very active? (Check one only.)
None .................................................................…
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1 time last week .................................................
2 or 3 times last week ........................................
4 times last week ................................................
5 times last week ................................................
6. In the last 7 days, on how many evenings did you do sports, dance, or play games in
which you were very active? (Check one only.)
None ...................................................................
1 time last week .................................................
2 or 3 times last week ........................................
4 or 5 last week ..................................................
6 or 7 times last week ........................................
7. On the last weekend, how many times did you do sports, dance, or play games in
which you were very active? (Check one only.)
None ...................................................................
1 time .................................................................
2 — 3 times ........................................................
4 — 5 times ........................................................
6 or more times ..................................................
8. Which one of the following describes you best for the last 7 days? Read all five
statements before deciding on the one answer that describes you.
A. All or most of my free time was spent doing things that involve little
physical effort ..............................................................................................
B. I sometimes (1 — 2 times last week) did physical things in my free time
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(e.g. played sports, went running, swimming, bike riding, did aerobics) .....
C. I often (3 — 4 times last week) did physical things in my free time ......…..
D. I quite often (5 — 6 times last week) did physical things in my free time…
E. I very often (7 or more times last week) did physical things in my free tim
9. Mark how often you did physical activity (like playing sports, games, doing dance, or
any other physical activity) for each day last week.
Little
None

bit

Very
Medium

Often

often

Monday ...................
Tuesday ...................
Wednesday ..............
Thursday .................
Friday ......................
Saturday ..................
Sunday .....................
10. Were you sick last week, or did anything prevent you from doing your normal
physical activities? (Check one.)
Yes ...................................................…………..
No .......................................................................
If Yes, what prevented you? __________________________________
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Appendix G
Physical Activity Self-Efficacy Scale
Instructions:
1. Please put a check by “Yes” or “No” for each of the following sentences. “Yes”
means that you agree with the sentence. “No” means that you do not agree with
the sentence.
2. Remember that physical activity can be any play, game, sport, or exercise that
gets you moving and breathing harder.
3. There are no wrong answers.
1. I think I can be physically active most days after school.

Yes

No

Yes

No

Yes

No

Yes

No

Yes

No

Yes

No

2. I think I can ask my parent or other adult to do
physically active things with me.
3. I think I can be physically active after school even
if I could watch TV or play video games instead.
4. I think I can be physically active after school even
if my friends want me to do something else.
5. I think I can ask my parent or other adult to sign me up
for a sport, dance, or other physical activity program.
6. I think I can be physically active even if it is
very hot or cold outside.
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7. I think I can ask my best friend to be physically active
with me.

Yes

No

Yes

No

Yes

No

Yes

No

Yes

No

Yes

No

Yes

No

Yes

No

Yes

No

8. I think I can ask my parent or other adult to get me
the equipment I need to be physically active.
9. I think I can ask my parent or other adult to take me
to a physical activity or sport practice.
10. I think I can be physically active, even if I have
a lot of homework.
11. I think I can be physically active even if I have to
stay at home.
12. I think I have the skills I need to be physically active.
13. I think I can be physically active no matter
how busy my day is.
14. I think I can be physically active no matter
how tired I may feel.
15. I think I can be physically active even when I’d rather be doing
something else.
16. I think I can be physically active even if my friends
don’t want me to.

Yes

No

Yes

No

17. I think I can be physically active at least three times a week
for the next 2 weeks.
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Appendix H
Physical Activity Enjoyment Scale
When I am physically active:
Disagree
a lot

Disagree

No
opinion

Agree

Agree
a lot

Disagree
a lot

Disagree

No
opinion

Agree

Agree
a lot

Disagree
a lot

Disagree

No
opinion

Agree

Agree
a lot

Disagree
a lot

Disagree

No
opinion

Agree

Agree
a lot

1. I enjoy it
2. 1 feel bored
3. I dislike it
4. I find it pleasurable

5. It’s no fun at all
6. It gives me energy
7. It makes me sad
8. It’s very pleasant

9. My body feels good
10. I get something out of it
11. It’s very exciting
12. It frustrates me

13. It’s not at all interesting
14. It gives me a strong
feeling of success
15. It feels good
16. I feel as though I would
rather be doing
something else
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Appendix I
Parental Influence Scale
Instructions:
1. Circle the number that best describes how much you “strongly disagree”,
“disagree”, “agree”, or “strongly agree” with each statement.
2. Please choose only one answer.
3. Remember there are no right or wrong answers, simply choose the one that is
best for you.
Strongly

Disagree

Agree

Disagree

Strongly
Agree

1. My parents get a lot of exercise.

1

2

3

4

2. My parents let me play on community or

1

2

3

4

3. My parents play games and sports with me.

1

2

3

4

4. My parents are in really good shape.

1

2

3

4

5. My parents do not help me much with sports.

1

2

3

4

6. My parents buy me a lot of sports equipment.

1

2

3

4

7. My parents do not take me to parks or

1

2

3

4

8. My parents are good at games and sports.

1

2

3

4

9. My parents do not encourage me to play

1

2

3

4

1

2

3

4

school sport teams.

playground.

outside.
10. My parents practice games and sports skills
with me a lot.
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Strongly

Disagree

Agree

Disagree

Strongly
Agree

11. My parents like to walk for exercise.

1

2

3

4

12. My parents want me to play outside.

1

2

3

4

13. My parents do not like to do much physical
activity.

1

2

3

4

14. My parents tell me not to watch too much
TV.

1

2

3

4

15. My parents usually walk or bike a lot.

1

2

3

4

16. My parents remind me to do some physical
activity.

1

2

3

4

17. My parents would rather walk to the store if
possible.

1

2

3

4

18. My parents encourage me to try hard at
games and sports.

1

2

3

4
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Appendix J
Environment Scale
1. At home, there are enough supplies and pieces of sports equipment (like balls,
bicycles, skates) to use for physical activity.
 Disagree a lot

 Disagree

 No opinion

 Agree

 Agree a lot

2. There are playgrounds, parks, or gyms close to my home or that I can get easily.
 Disagree a lot

 Disagree

 No opinion

 Agree

 Agree a lot

3. It is safe to walk or jog alone in my neighborhood during the day.
 Disagree a lot

 Disagree

 No opinion

 Agree

 Agree a lot

4. It is difficult to walk or jog in my neighborhood because of things like traffic,
no sidewalks, dogs, or gangs.
 Disagree a lot

 Disagree

 No opinion

 Agree

 Agree a lot

5. At school, there are playgrounds, gym spaces, and enough supplies (like balls,
hula hoops) to use for physical activity.
 Disagree a lot

 Disagree

 No opinion

245

 Agree

 Agree a lot

Appendix K
Hierarchical Regression Analysis Evaluating Predictors of Physical activity (N = 133)
Self-reported Physical Activity Levels
Variable

246

Model 1
Age
Sex
Ethnicity
Race
Marital status
Family income
Number of children
Father employment status
Mother employment status
Mother education level
Father education level
Model 2
Age
Sex
Ethnicity
Race
Marital status
Family income
Number of children
Father employment status

Adjusted R2

 R2

F (df)

p-value

.12

.22

F(11,90) = 2.28

.016

.35

.23

F(5,85) = 4.34

<.0001

β

t-statistic

p-value

-.10
-.02
-.08
-.18
.08
-.17
.18
-.13
-.05
.35
-.14

-1.04
-.24
-.71
-1.75
.71
-1.34
1.79
-1.01
-.47
3.00
-1.20

.300
.814
.480
.083
.480
.182
.077
.314
.637
.004
.234

-.08
-.04
-.01
-.10
.01
-.146
.15
-.06

-.97
-.43
-.10
-1.06
.08
-1.31
1.79
-.51

.337
.669
.920
.292
.940
.193
.076
.614

Mother employment status
Mother education level
Father education level
Physical activity enjoyment
Physical activity self-efficacy
Parental support
Parental role modeling
Perceived environment

.01
.23
-.15
.25
.18
.15
-.05
.13

.09
2.21
-1.42
2.46
1.77
1.26
-.49
1.16

.931
.030
.159
.016
.080
.212
.624
.250

β

t-statistic

p-value

-.26
-.17
-.03
.08
.18
-.04
-.24
.17

-2.62
-1.55
-.27
.68
1.77
-.31
-2.15
1.68

.010
.124
.787
.496
.079
.759
.034
.096

-.29
-.15
-.10
.07
.19
-.06

-2.92
-1.31
-.79
.55
1.95
-.52

.004
.193
.432
.585
.054
.603

Pedometer Steps
Variable
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Model 1
Sex
Ethnicity
Marital status
Family income
Number of children
Father employment status
Mother employment status
Mother education level
Model 2
Sex
Ethnicity
Marital status
Family income
Number of children
Father employment status

Adjusted
R2

 R2

F (df)

p-value

.08

.15

F(8,95) = 2.12

.042

.10

.07

F(13,90) = 1.92

.038

Mother employment status
Mother education level
Physical activity enjoyment
Physical activity self-efficacy
Parental support
Parental role modeling
Perceived environment

-.18
.20
-.25
.14
.05
.15
.03

-1.55
1.87
-2.10
1.19
.36
1.18
.24

.124
.064
.039
.239
.718
.239
.813
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